Society for
Neuroscience

ABSTRACTS

Volume 7

11th Annual Meefing
Los Angeles, California
October 18-23, 1981



Contents

Chronological Listof Sessions ..............................
ThematicIndexofSessions. . .......... ... ..
AbstractsinSessionOrder ....... ... ... ... i il il

(3372 volunteer abstracts)

(19 symposium workshop abstracts)
Abstracts PublishedOnly ........... ...,
Index of Speakers in Symposia,

Workshops, Special Lectures ...........................
AuthoriIndeX . ... .. et e i e e
KeyWordIndex . ... ..o e it e

Proper citation form for this volume:
Soc. Neurosci. Abstr., Vol. 7, p. xx, 1981.

©1981 by Society for Neuroscience

Made in the United States of America
International Standard Book Number 0-916110-11-7
Library of Congress Catalog Card Number 75-7761

Published by
Society for Neuroscience
9650 Rockville Pike
Bethesda, Maryland 20814



CHRONOLOGICAL LIST OF SESSIONS

(See page vii for Thematic Index of Sessions.)

Session number Page
4:00 pm Sunday

1. Public Lecture—Synapse Formation: An Overview
as Seen from the Neuromuscular Junction. G. D.
Fischbach ........... ... .. ... .ot No Abstract

9:00 AM Monday

2. Symposium—The Dorsal Horn: A Profound and a
Superficial Analysis. A. I. Basbaum, Chairman . ... 1
3. Workshop—Lectins: Cytochemical Markers for
Nervous System Carbohydrates. J. D. Coulter,
Chairman . ...........cccoiiiiieiiiniinnennn. 1

Slide Sessions

4. Development in Invertebrates ..................... 2
S. Synaptogenesis ..............oeiiiiiiiiiiiiaaaans S
6. Serotonin I: Receptors .............cooveiiiinnnn. 7
7. Dopamine I: Receptors ...............cooiiiinn.. 10
8. Action Potentials and Ion ChannelsI............... 14
9. Motor SystemsI: Cortex. ..ot 18
10. Anterior Pituitary I: Sex Hormones ................ 20
11. Functional Organization of Subcortical Visual
ATeas. ... e 23
12. Neural Mechanisms in Feeding and DrinkingI ...... 27
13. Neuropeptides and BehaviorI..................... 30
14. EvokedPotentialsI............. ..ot 34
10:45 AmM Monday
Slide Sessions
15. Sprouting and Sprouting MechanismsI............. 37
16. Vestibular SystemI............ ... ... 39
9:00 AM Monday
Poster Sessions
17. Monoamines and BehaviorI ...................... 41
18. Biological Rhythms.............. ... ... ... ... 44
19. OpiatesI.........ooiiiiiiiiiii i 49
20. Subcortical Auditory Pathways .................... 54
21. Sensory System Transmitters...................... 59
22. Transduction in Sensory Systems .................. 61
23. Neural Plasticity in Adult AnimalsI................ 64
24. Competition and Remodeling ..................... 70
25. Nutritional and Prenatal Factors in DevelopmentI ... 72
26. CerebellumI ...ttt 75
27. ReticularSystem ...... ..., 80
28. Comparative Neuroanatomy ...................... 82
29. Blood-Brain Barrier ............. .. o i, 86
30. Opioid Peptides I: Characterization................ 91
31. Opioid Peptides II: Localization ................... 93
32. Peptides I: Anatomical Localizationin CNS ......... 97
33. Peptides II: Peripheral Nervous System . ............ 101
34. Drug Effectson Receptors........................ 104
35. Amino Acids I: Pharmacology and Physiology ....... 108
36. Electrobiology of Invertebrates .................... 113

37. Cardiovascular Regulation I: Morphological Aspects. . 115

iii

Session number Page

2:00 M Monday

38. Symposium—The Neurobiology of Dendrites.
R. R.Llinas, Chairman ..............c.covou.n. 119
39. Symposium— Applications of Recombinant DNA in
Neuroscience. E. M. Shooter,
Chairman ...............cccooo... No Abstract

Slide Sessions

40. Specific Immunological Probes .................... 120
41. Pharmacology of Synaptic TransmissionI ........... 123
42. Dopamine II: Receptors. ............. ..ot 125
43. Opioid Peptides III: Receptors .................... 128
44. Visuomotor Integration .......................... 131
45. Anterior Pituitary II: Endorphinsand ACTH........ 134
46. Circuitry and Pattern Generation .................. 137
47. Visual System I: Retino-Geniculo-Cortical

Connections . .....covvviiiiiiiiiiieaaann. 140
48. Trophic Factors and Interactions in Development . ... 143
49. Auditory and Vestibular Systems: The Sensory

Periphery . ...t 146
50. Celland Tissue Culture I ............ ...t 149

3:45 pm Monday

Slide Sessions

51. Interactions Between NeurotransmittersI........... 151
52. Cellular Aspectsof Disease I ...................... 153

2:00 pm Monday

Poster Sessions
53. Monoamines and Behavior II: Stress and Aggres-

SION « o 155
54. Alcohol: Psychopharmacology..................... 157
55. Neuroethology I: Invertebrates .................... 160
56. Effects of Chronic Drug AdministrationI ........... 162
57. Neuropeptides and Behavior II: Opioid Peptides . . ... 165
58. Neural Mechanisms of Feeding and DrinkingII...... 168
59. Visual Cortex: Functional Organization ............ 172
60. Specificity of Synaptic Connections ................ 177
61. Motor SystemsII................ooonit, P 179
62. Agingl .................. e 183
63. Sensorimotor Integration ......................... 188
64. BasalGanglial ................coiiiiiiiian, 191
6S. Uptake, Storage, and SecretionI .................. 197
66. Behavioral PharmacologyI ....................... 202
67. Catecholamines I: Functional Neurochemistry ... .... 206
68. AdrenalMedulla................. ..ol 210
69. Peripheral Autonomic Nervous System ............. 213
70. Hormones and Behavior I: Sexual Behavior ......... 216
71. Neural Control of Immune System ................. 221

8:00 pM Monday

72. Presidential Symposium—The Origins of Modern
Neural Science. E. R. Kandel,
Chairman ........................ No Abstract



Session number Page
9:00 AM Tuesday
73. Symposium—CNS Development in Invertebrates.
J. G. Hildebrand, Chairman .................... 222
74. Symposium: Mechanism of Action of Antidepres-
sants. E. Costa and S. Z. Langer, Cochairmen ... ... 222
Slide Sessions
75. Cellular Localization of Neuroeffector Substances . ... 223
76. Electrobiology and Membrane Properties of CNS
NeuronsI ..., 225
77. Pain] ... e 227
78. Auditory System: Functional Organization .......... 230
79. Sleep L. ...ooinnniii i 233
80. Learning, Memory, and Habituation I: Lesion and
Ablation Studies .......viiii i 235
81. Higher Cortical Functions I: Evoked Potentials .. .... 239
82. Metabolic StudiesI ..., 242
83. Development of Excitable Membranes ............. 245
84. Reflex FunctionI ......... .. .coiiiiiiiiiiieann, 247
85. Invertebrate Sensory SystemsI .................... 250
10:45 AM Tuesday
Slide Sessions
86. Cardioactive Neuropeptides in Arthropods .......... 253
87. Serotonin II: Electrophysiology . ................... 255
88. Neuroanatomical StudiesI........................ 257
89. RegenerationI: Central ................c..oiunt. 259
9:00 AM Tuesday
Poster Sessions
90. Drugs of Abuse: Psychopharmacology .............. 261
91. Angiotensin and DrinkingI....................... 264
92. Effects of Chronic Drug Administration II: Ampheta-
MINE ...ttt ittt 266
93. Neuroethology II: Vertebrates..................... 269
94. Skin, Muscle, and Visceral Receptors .............. 272
95. Retina and Retinofugal Pathways.................. 275
96. Evoked PotentialsII ......................vll 282
97. Endocrine Control of Neural Development .......... 286
98. NeuronalDeath...............coooiiiiiiiiaa. 291
99. Neural Prostheses ............cooivveinninn.. 295
100. Oculomotor System I ..., 297
101. Cell Surface Macromolecules...................... 300
102. Membrane Structure and Function ................ 305
103. IdentifiedCells ...........cciiiiiiiiiininn.. 309
104. Alcohol and Barbiturates ......................... 311
10S. Transmitters in Invertebrates ..................... 316
106. Amino Acids II: Uptake and Binding............... 319
107. Posterior Pituitary ...l 324
108. Anterior Pituitary II: Sex Hormones................ 329
1:30 pM Tuesday
109. Symposium—Cellular Mechanisms of Epilep-
togenesis. D. A. Prince, Chairman ............... 334

110. Workshop—Quantitative Microscopy: Theory, Meth-
ods, and Applications. L. M. Smith, Chairman . ...

334

iv

Session number

Slide Sessions

111.
112.
113.
114.
11S.
116.

Cholinergic Receptors I
Axonal Growth
Nutritional and Prenatal Factors in Development

117.
118.
119. Learning, Memory, and Habituation II: Electrical
and Pharmacological Studies....................
Spinal Cord and Brainstem I

Cardiovascular Regulation II: Electrophysiology

120.
121.

3:00 pM Tuesday

Slide Sessions

122. Uptake, Storage, and Secretion II
123. AgingIIl. ..o

1:30 pM Tuesday

Poster Sessions

124.
125.

AgingIl ... o
Brain Metabolism: Effects of Environmental Events
andDirectInsult. ...t
Neuropeptides and Behavior III
Interhemispheric Relations
Neuropharmacology of Feeding and Drinking I
Subcortical Auditory Pathways and Auditory
(00} 4 7> <SS PP
Subcortical Somatosensory Pathways...............
Biochemical and Pharmacological Correlates of
Development
Visual System II: Retinotectal Connections..........
Muscle Afferents
Invertebrate Motor Function I
Neuroanatomical Studies II
Morphology of Neurons and Glia
Adrenergic Receptors
Peptides ITI: Receptors............ooovieiiininn
Opioid Peptides IV: Receptors
Presynaptic Mechanisms
Postsynaptic Mechanisms I

126.
127.
128.
129.

130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.

4:30-5:30 pm Tuesday

142. Annual Business Meeting

8:00 pM Tuesday

143. Grass Foundation Lecture—Molecular Basis
of Synaptic Transmission.

C.F.Stevens. .....ccovvveeenneennn. No Abstract

9:00 AM Wednesday

144. Symposium—Memory and Brain Mechanisms. L. R.
Squire, Chairman

145. Symposium—Approaches to Studying Gene Expres-
sion and Regulation During Neuronal Differentia-
tion and Functioning. P. H. O’Lague, Chairman ..

146. Workshop—Thalamic Mechanisms of Pain Sensa-
tion. K. J. Berkley, Chairman

Physiology of Invertebrate Behavior and Learning . ... 351
Vision I: Functional Organization of Striate Cortex ... 355



Session number Page
Poster Sessions
147. Hallucinogens: Behavior and Physiology ............ 448
148. Evoked Potentialsand EEG ...................... 450
149. Monoamines and BehaviorIV..................... 454
150. Hippocampal Metabolism and Physiology ........... 457
151.- Subcortical Visual Pathways ...................... 459
152. Morphogenesis and Pattern FormationI............ 464
153. Regeneration II: Peripheral ....................... 468
154, Sprouting and Sprouting MechanismsII............ 472
155. Control of Posture and MovementI ................ 476
156. Vestibular SystemII..............ooiiiiioiin, 481
157. Axoplasmic TransportI .............c..coiiiin 485
158. Neuronal Tracing by Marker Transport............. 489
159. Acetylcholine .........oooviuiiiiiiiiininnnnenn.. 492
160. Cholinergic ReceptorsII...............ccooiiiinn. 496
161. Regional Localization of ReceptorsI ............... 500
162. Peptides IV: Central Physiologic Effects ............ 504
163. Peptides V: Distribution and Regulation ............ 507
164. Transmitters and Receptorsin Disease I ............ 510
165. Action Potentials and Ion ChannelsII .............. 514
166. Membrane Biophysics ........... ... 516
167. Electrical Synapses and Gap Junctions ............. 519
2:00 pM Wednesday
'168. Symposium—Cytoskeletal Determinants of Neuronal
Form and Function. R. J. Lasek, Chairman . ...... 520
169. Symposium—Parallel and Serial Processing in Verte-
brate Visual Pathways. C. Enroth-Cugell, Chair-
T T 520
170. Workshop—The Growing Relevance of Gap Junc-
tions and Electrotonic Synapses to Neurobiology.
M. V. Bennett, Chairman ...................... 520
Poster Sessions
171. Higher Cortical FunctionsII ...................... 521
172. Learning, Memory, and Habituation III: Pharmaco-
logical Studies ........... ...l 523
173. SpinalCord I ........ .. i 527
174, PainIIl ... ..o e 531
175. Auditory and Vestibular Sense Organs ............. 535
176. Development of Sensory Systems .................. 537
177. Neurogenetics ...........cooveiiinnnnnnnnnnennnn. 543
178. Axonal Growth and Guidance..................... 547
179. Trophic Agents in Development ................... 551
180. Reflex FunctionII.......... ... ... ...t 557
181. Motor Systems III: Cortex .................ccoont. 562
182. Cellular Aspectsof Disease II ..................... 566
183. Catecholamines II: Central Physiology .............. 570
184. Dopamine III: Electrophysiology .................. 573
185. Opioid Peptides V: Electrophysiology .............. 576
186. Serotonin III: Localization, Physiology, and Pharma-
COlOZY o 580
187. Epilepsy I: Kindling ............ ..ol 584
188. Epilepsy IT . .....oiviii e 588
189. Electrobiology and Membrane Properties of CNS
NeuronsIl ..., 593
190. Studies of Excitable Cells in Culture................ 595
191. Diseases of Synapsesand Axons ................... 599
5:30 pM Wednesday
192. Special Lecture—Brain Correlates of Vocal Learning.
F.Nottebohm................oooiiien No Abstract

193. Special Lecture— Signal Processing and Plasticity

in the Control of Eye Movements. D. A.
RODINSON. oottt No Abstract

Session number

Page

194. Special Lecture—Recording from Single Ionic
Channels. E.Neher.................... No Abstract
9:00 AM Thursday
195. Symposium—Synaptic Regulation of Voltagegated
Channels. P. R. Adams, Chairman .............. 602
196. Symposium— Representation of Space Within Sensory
Systems. E. I. Knudsen and M. M. Merzenich,
COCRAITMEN . ... e et e et 602
Slide Sessions
197. Peptides VI: Distribution and Regulation ........... 603
198. OpiatesIL ... ..ottt 607
199. Spinal Cord IT ... .. ..ot 610
200. Regional Localization of ReceptorsII............... 613
201. Hormones and Behavior II: Sexual Behavior......... 615
202. Neuropharmacology and Biochemistry of Phency-
clidine. ..ot e 617
203. Retina: Intrinsic Organization .................... 619
204. Oculomotor System II................cooiiiinnt, 623
205. Neural Plasticity in Adult AnimalsII ............... 625
206. Epilepsy IIT ... ...ooiiiiiii e 628
207. Cardiovascular Regulation III: Arterial Pressure
and Hypertension ............cooieeiiiinn. 631

10:45 AM Thursday

Slide Sessions

208. Modulators I: Benzodiazepine Receptors ........... 634
209. Neuropeptides in Invertebrates .................... 636
210. Angiotensin and Drinking IT .............. ... ... 638
211. CerebellumIL. ... ...t 640
9:00 AM Thursday
Poster Sessions

212. Invertebrate Learning and Behavior................ 642
213. Psychotherapeutic Drugs I: Affective Disorders .. ... . 644
214. Learning, Memory, and Habituation IV: Lesion and

Ablation Studies ........ .. o 647
215. Neural Mechanisms in Feeding and Drinking I1I . . . .. 653
216. Attentionand Arousal ........... ... ... il 658
217. Chemical Senses: Olfaction and TasteI............. 661
218. Invertebrate Sensory SystemsII ................... 667
219. Synapse Formation ........... ...t 669
220. Visual System I1I: Retino-Geniculo-Cortical

CoNNECHIONS .« v vt vveee i eannens 672
221. Regeneration III: Central.............coooviiinnn 677
222, MUSCIE .« vttt e 683
223. Control of Posture and Movement I ............... 687
224. Cell and Tissue Culture Il ................coooott. 692
225. Functionsof Glia............cooiiiiiieont. 697
226. Acetylcholine and Cholinergic Receptors............ 700
227. Synaptic Structure and Function .................. 706
228. Transmitters and Receptorsin Disease Il ........... 711
229. Pineal Gland: Biological Rhythms ................. 716
2:00 M Thursday
230. Symposium—Neural Mechanisms of Attention.

J. C.Lynch, Chairman. ........................ 720
231. Workshop—Altered Axons: Is Compulsive Conduc-

tion Replaced by Spontaneous- Spiking? W. H. .
Calvin, Chairman .....................ooiiuin. 720



Session number Page
Slide Sessions
232. Hormones and Behavior III: Receptorsin CNS......... 721
233. Postsynaptic MechanismsII ................ ... 724
234. Sensory Transduction................cooininne. 728
235. Chemical Senses: Olfaction and TasteIl ............ 730
236. Visual System IV: Retinotectal Connections ......... 732
237. PainIV ..o e 734
238. Behavioral PharmacologyII....................... 736
239. Benzodiazepine/GABA Receptor Complex ......... 738
240. Control of Posture and Movement III............... 740
241. Axoplasmic TransportIl ..............oooviiinn 742
242. Invertebrate Motor FunctionII.................... 744
3:45 pM Thursday
Slide Session
243. Morphogenesis and Pattern Formation Il ........... 746
2:00 pM Thursday
Poster Sessions
244, Toxic Effectson Behavior ..................... ... 748
245. Learning, Memory, and Habituation V: Electrical
Recording Studies........... oot 750
246. Subcortical Structures ..............coeeianenannn. 753
247. Somatosensory CortexI ..... ... ..ot 757
248. Vision II: Cortex and Cortico-Subcortical Relation-
ShIps ..o 759
249. Trophic Interactions in Development............... 764
250. Effects of Activity, Inactivity, and DenervationI ... .. 769
251. Oculomotor System III........... ..ot 775
252. BasalGangliaIl............ ..ot 778
253. Disorders of Motor Systems .. .........c..oooiiiaan 783
254. Metabolic StudiesIT ... ..ot 786
255. Transmitter Cytochemistry and Immunochemistry I:
Biogenic Amines ........... ..o 790
256. Interactions Between NeurotransmittersII .......... 793
257. Opioids: Neuronal InteractionsI................... 797
258. Catecholamines III: Central Neuroanatomy ......... 801
259. Metabolism of Receptors and Transmitters.......... 804
260. Pharmacology of Synaptic TransmissionII .......... 806
261. Epilepsy IV .....oooiiii 810
262. Receptor Sensitization and Desensitization.......... 816
263. Cardiovascular Regulation IV: Central Trans-
YL 13 PP 819
264. Cardiovascular Regulation V: Functional Aspects,
Stress, and Cerebral Blood Flow ................. 823
9:00 aM Friday
265. Symposium— Regeneration of Nerve Fibers in the
Mammalian CNS. A. J. Aguayo, Chairman ........ 827

266. Workshop—In Vivo Electrochemistry: Principles and
Applications. R. N. Adams, Chairman

vi

Session number

Slide Sessions

. Opioids: Neuronal Interactions II
. Vision III: Extrastriate Visual Areas................
. Somatosensory Cortex II
. Presynaptic and Postsynaptic Mechanisms
. Effects of Activity, Inactivity, and DenervationII ....
. Neuroethology III: Vertebrates
. Molecular Correlates of Development
. Basal Ganglia III
. Neuropharmacology of Feeding and Drinking II
. Temperature Regulation
. Circadian Rhythms

10:45 Am Friday

Slide Sessions

278. Biogenic Amines: Histamine and Phenethylamines . ..
279. Alcohol
280. Oscillators and Rhythmic Discharges

9:00 AM Friday

Poster Sessions

281.
282.

Psychotherapeutic Drugs I1
Stress, Hormones, and the Autonomic Nervous

System
283. Modeling and Theoretical Studies
. Motivation
285.
286.
287.
288.
289.
290.
291.
292.
293.
294,

Neuropsychology and Memory
Limbic System
Developmental Disorders
Spinal Cord and Brainstem II
Action Potentials and Ion Channels III
Proteins and Nucleic Acids
Lipids and Myelin
Transmitter Cytochemistry and Immunochemistry
Cyclic Nucleotides
Behavioral Pharmacology III
Catecholamines IV: Functional Neurochemistry
298. Modulators II......oovueiiiiinieiiii i,
299. Metabolism of Transmitters and Modulators
. Respiratory Regulation
400. Unprogramed Abstracts............coooenenenen..

295.
296.
297.

913



THEMATIC INDEX OF SESSIONS*

Theme A: Development and Plasticity

Session
Number Title Type Day Time
115. Axonal Growth Slide Tu. 1:30 pm
178. Axonal Growth and Guidance Poster W. 2:00 pMm
15. Sprouting and Sprouting Mechanisms I Slide M. 10:4S am
154. Sprouting and Sprouting Mechanisms 11 Poster W. 9:00 aM
89. Regeneration I: Central Slide Tu. 10:45 am
153. Regeneration II: Peripheral Poster W. 9:00 aM
221. Regeneration III:Central Poster  Th. 9:00 am
48. Trophic Factors and Interactions in Development Slide M. 2:00 pM
179. Trophic Agents in Development Poster W. 2:00 pM
249. Trophic Interactions in Development Poster Th 2:00 pm
24. Competition and Remodeling Poster M. 9:00 aM
S. Synaptogenesis Slide M. 9:00 am
219. Synapse Formation Poster  Th. 9:00 am
60. Specificity of Synaptic Connections Poster M. 2:00 pm
152. Morphogenesis and Pattern Formation I Poster W. 9:00 aM
243. Morphogenesis and Pattern Formation II Slide Th. 3:45 pMm
98. Neuronal Death Poster  Tu. 9:00 aM
250. Effects of Activity, Inactivity, and Denervation I Poster  Th. 2:00 pm
271. Effects of Activity, Inactivity, and Denervation II Slide F 9:00 am
23. Neural Plasticity in Adult Animals I Poster M 9:00 aM
203. Neural Plasticity in Adult Animals II Slide Th. 9:00 am
61. Motor Systems II (Motor System I, III, see Theme G) Poster M. 2:00 pMm
176. Development of Sensory Systems Poster W 2:00 pm
288. Limbic System Poster F 9:00 aM
47. Visual System I: Retino-Geniculo-Cortical Connections Slide M 2:00 pm
132. Visual System II: Retinotectal Connections Poster  Tu. 1:30 pMm
220. Visual System III: Retino-Geniculo-Cortical Connections Poster  Th. 9:00 aM
236. Visual System IV: Retinotectal Connections Slide Th. 2:00 pMm
4. Development in Invertebrates Slide M 9:00 aMm
177. Neurogenetics Poster W. 2:00 pMm
97. Endocrine Control of Neural Development Poster  Tu. 9:00 aM
131. Biochemical and Pharmacological Correlates of
Development Poster  Tu. 1:30 pMm
83. Development of Excitable Membranes Slide Tu. 9:00 aM
273. Molecular Correlates of Development Slide F. 9:00 aM
25. Nutritional and Prenatal Factors in Development I Poster M. 9:00- aM
116. Nutritional and Prenatal Factors in Development II Slide Tu. 1:30 pMm
289. Developmental Disorders Poster F. 9:00 am
62. Aging I (Aging II, see Theme H) Poster M. 2:00 pM
123. Aging III Slide  Tu. 3:00 pM
39. Applications of Recombinant DNA in Neuroscience Symp. M. 2:00 pm
73. CNS Development in Invertebrates Symp. Tu. 9:00 aM
145. Approaches to Studying Gene Expression and Regulation
During Neuronal Differentiation and Functioning Symp. W. 9:00 amM
265. Regeneration of Nerve Fibers in Mammalian CNS Symp. F. 9:00 am

*Includes contributed paper sessions, symposia, and workshops only.

vii



Theme B: Cell Biology

Session
Number Title

136. Morphology of Neurons and Glia

103. Identified Cells

158. Neuronal Tracing by Marker Transport
28. Comparative Neuroanatomy

225. Functions of Glia

50. Cell and Tissue Culture I

224. Cell and Tissue Culture II

102. Membrane Structure and Function

293. Lipids and Myelin

292. Proteins and Nucleic Acids

40. Specific Immunological Probes
101. Cell Surface Macromolecules
157. Axoplasmic Transport I
241. Axoplasmic Transport 11

82. Metabolic Studies I
254. Metabolic Studies 11

29. Blood-Brain Barrier

52. Cellular Aspects of Disease I
182. Cellular Aspects of Disease 11

3. Lectins: Cytochemical Markers for Nervous System
Carbohydrates
110. Quantitative Microscopy: Theory, Methods, and
Applications
168. Cytoskeletal Determinants of Neuronal Form and
Function

Theme C: Excitable Membranes and Synaptic Transmission

Session
Number Title

227. Synaptic Structure and Function

167. Electrical Synapses and Gap Junctions
140. Presynaptic Mechanisms

141. Postsynaptic Mechanisms I

233. Postsynaptic Mechanisms II
270. Presynaptic and Postsynaptic Mechanisms

41. Pharmacology of Synaptic Transmission I
260. Pharmacology of Synaptic Transmission II
226. Acetylcholine and Cholinergic Receptors
262. Receptor Sensitization and Desensitization

34. Drug Effects on Receptors
259. Metabolism of Receptors and Transmitters
166. Membrane Biophysics

8. Action Potentials and Ion Channels I
165. Action Potentials and Ion Channels II

291. Action Potentials and Ion Channels III

280. Oscillators and Rhythmic Discharges

187. Epilepsy I: Kindling

188. Epilepsy 11

206. Epilepsy III

261. Epilepsy IV

234. Sensory Transduction

190. Studies of Excitable Cells in Culture

76. Electrobiology and Membrane Properties of CNS

Neurons 1

viii

Type

Poster
Poster
Poster
Poster
Poster
Slide

Poster
Poster
Poster
Poster
Slide

Poster
Poster
Slide

Slide

Poster
Poster
Slide

Poster

Wkshp.
Wkshp.

Symp.

Type

Poster
Poster -
Poster
Poster
Slide
Slide
Slide
Poster
Poster
Poster
Poster
Poster
Poster
Slide
Poster
Poster
Slide
Poster
Poster
Slide
Poster
Slide
Poster

Slide

Day

Tu.
Tu.

Th.

Th.

FELEE

Th.
Tu.

£2g3

Tu.

Day

HEFES

FPFFEETPERIERGEERT

—
£

Time

1:30 pm
9:00 AM
9:00 AM
9:00 aAM
9:00 aAM
2:00 pm
9:00 AM
9:00 AM
9:00 AM
9:00 aM
2:00 pm
9:00 aAM
9:00 AM
2:00 pm
9:00 AM
2:00 pMm
9:00 AM
3:45 pm
2:00 pm

9:00 AM

1:30 pm

2:00 pm

Time

9:00 AM
9:00 AM
1:30 pm
1:30 pm
2:00 pMm
9:00 AM
2:00 pm
2:00 pm
9:00 aM
2:00 pMm
9:00 AM
2:00 M
9:00 AM
9:00 aM
9:00 AM
9:00 AM
10:45 am
2:00 pm
2:00 M
9:00 AM
2:00 pMm
2:00 pMm
2:00 pm

9:00 aAM



189. Electrobiology and Membrane Properties of CNS

Neurons II
36. Electrobiology of Invertebrates
191. Diseases of Synapses and Axons

38. The Neurobiology of Dendrites
109. Cellular Mechanisms of Epileptogenesis
170. The Growing Relevance of Gap Junctions and Electrotonic
Synapses to Neurobiology
196S. Synaptic Regulation of Voltage-gated Channels
231. Altered Axons: Is Compulsive Conduction Replaced by
Spontaneous Spiking?

Theme D: Neurotransmitters, Modulators, and Receptors

Session
Number Title

159. Acetylcholine

35. Amino Acids I: Pharmacology and Physiology
106. Amino Acids II: Uptake and Binding

111. Amino Acids III

32. Peptides I: Anatomical Localization in CNS
33. Peptides 1I: Peripheral Nervous System
138. Peptides III: Receptors
162. ‘Peptides IV: Central Physiologic Effects
163. Peptides V: Distribution and Regulation
197. Peptides VI: Distribution and Regulation
30. Opioid Peptides I: Characterization

31. Opioid Peptides II: Localization

43. Opioid Peptides III: Receptors
139. Opioid Peptides IV: Receptors

185. Opioid Peptides V: Electrophysiology

257. Opioids: Neuronal Interactions I
267. Opioids: Neuronal Interactions II
7. Dopamine I: Receptors

42. Dopamine II: Receptors
184. Dopamine III: Electrophysiology

67. Catecholamines I: Functional Neurochemistry
183. Catecholamines II: Central Physiology
258. Catecholamines III: Central Neuroanatomy
297. Catecholamines I'V: Functional Neurochemistry
278. Biogenic Amines: Histamine and Phenethylamines
6. Serotonin I: Receptors

87. Serotonin II: Electrophysiology
186. Serotonin I1I: Localization, Physiology, and Pharmacology

105S. Transmitters in Invertebrates
86. Cardioactive Neuropeptides in Arthropods

25S. Transmitter Cytochemistry and Immunochemistry I:

Biogenic Amines

294. Transmitter Cytochemistry and Immunochemistry II
75. Cellular Localization of Neuroeffector Substances
S1. Interactions Between Neurotransmitters I

256. Interactions Between Neurotransmitters II

208. Modulators I: Benzodiazepine Receptors
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SYMPOSIUM/WORKSHOP

SYMPOS UM

THE DORSAL HORN: A PROFOUND AND A SUPERFICIAL ANALYSIS.

A.1. Basbaum, University of California, San Francisco (Chmn);
A.R. Light, University of North Carolina, G.J. Bennett, NIH-
NIDR; E.J. Glazer, University of California, San Francisco;
M. Yamamoto-Yoshida, Tsukuba University, Japan.

With the advent of combined morphological and physiological
methods for studying the circuitry of the dorsal horn, major
advances have been made in our understanding of somatosensory,
pain, and pain modulatory systems. This symposium will highlight
the results derived from in vivo and from in vitro electrophysio-
logical, morphological, and immunohistochemical studies.

Alan Light will describe the properties and central distribu-
tion of primary afferent fibers. His studies involve the intra-
cellular injection of HRP into functionally characterized dorsal
root axons, including small, myelinated A delta high threshold
mechanoreceptors. An ultrastructural analysis of their central
synaptic interactions will also be presented. Gary Bennett will
extend these observations to second order neurons of the dorsal
horn, including the smallest neurons of the substantia gelatinosa
(sg). The application of the technique to the organization of
the more ventral, nucleus proprius will also be presented. The
pharmacological complexity of dorsal horn circuitry will be next
addressed by Ellyn Glazer who has combined EM immunohistochemical
and autoradiographic methods to dissect out synaptic interactions
between amines, peptides, and other putative neurotransmitters.
Finally, Miyuki Yamamoto-Yoshida will discuss the in vitro
analysis of the dorsal horn. A variety of pharmacological,
morphological, and physiological studies have been effectively
combined in the in vivo preparation, providing important new
insights into dorsal horn function. Taken together these dis-
cussions will provide a comprehensive review of the organization
of the superficial and the "deep" dorsal horn.

*Indicates nonmember of the Society for Neuroscience.

WORKSHOP
LECTINS; CYTOCHEMICAL MARKERS FOR NERVOUS SYSTEM
CARBOHYDRATES. J.D. Coulter (Chairman; Univ. Texas
Med. Br.), J.W. Gurd* (Univ. of Toronto), N.K.

Gonatas* (Univ. of Penn), M.A. Ruda (NIDR, Nat. Inst.
Health), J.H. LaVail (Univ. of Calif., San Francisco),
K.H. Pfenninger (Columbia Univ.)

Lectins with selective affinities for mono- and
oligo-saccharides provide a powerful tool to identify
and localize carbohydrate-containing sites on neuronal
membranes. Complex carbohydrates, particularly
glycoproteins, are important constituents of the cell
surface and have been implicated in the mechanisms of
receptor binding, endocytosis, axoplasmic transport
and cell-cell recognition. J.W. Gurd describes the
application of lectins in the biochemical analysis of
membrane and synaptic glycoproteins. Uses of labeled
lectins and lectin affinity chromatography to identify
and characterize lectin receptors associated with
synaptic structures are reviewed. N.K. Gonatas
describes studies in cultured neuroblastoma cells
comparing the binding, endocytosis and subsequent
subcellular localization of lectin-peroxidase
conjugates, cholera toxin-peroxidase conjugate and
free horseradish peroxidase. Axonal transport of
these substances in peripheral nerves 1s also
discussed. M.A. Ruda reviews studies using
immunocytochemical methods to localize lectins
transported anterogradely or retrogradely in sensory
and motor nerves. Evidence that axonally transported
lectin may migrate transneuronally into postsynaptic
cells is described. J.E.2 &aVail reports on the use of

affinity purified, [ I] 1labeled wheat germ
agglutinin to study axonal transport in chick retinal
ganglion cells. Various 1issues including the

specificity of wuptake of the 1lectin, the rate of
transport and the ultrastructural localization after
transport are discussed. K.H. Pfenninger describes
studies using lectins conjugated with the electron
dense marker, ferritin, to map quantitatively,
plasmalemmal glycoconjugates in developing neurons.
How this approach can contribute to wunderstanding
cell-cell interactions and regional membrane
differentiation in neural development is described.
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2 DEVELOPMENT IN INVERTEBRATES

EMBRYONIC ORIGINS OF IDENTIFIED CELLS IN THE LEECH CNS BY
TRACER INJECTION AND BY ABLATION OF IDENTIFIED BLASTOMERES.
D.A. Weisblat, S.S. Blair* and A.P. Kramer.Dept. Mol. Biol.
UCB, Berkeley, CA 94720.

Glossiphoniid leeches are well-suited for neurodevelop-
mental study because both the early embryo and the segmental
ganglia of the adult contain identifiable cells, accessible
to observation and experimental manipulation. The early
embryo contains one bilateral pair of mesodermal precursors,
(M teloblasts) and four bilateral pairs of ectodermal pre-
cursors (N,0,P and Q teloblasts). The teloblasts give rise
to columns of much smaller stem cells which proliferate to
form the segmental tissues of the animal, including the ventral
nerve cord.

By injecting horseradish peroxidase (HRP) into identified
teloblasts of embryos of the leech Helobdella triserialis, it
has been shown that, in normal development, the N,0,P and Q
teloblasts each contribute a stereotyped, topographically
distinct neuronal subpopulation to the ipsilateral hemiganglia
of the nerve cord. Taken with the stereotyped position of
identified neurons within the adult ganglia of other leech
species, these results suggest that, in normal development,
identified neurons arise from specific teloblasts. Further
evidence for this hypothesis will be presented from studies
involving use of a fluorescent, rhodamine-conjugated synthetic
peptide (RDP) as an in vivo cell lineage tracer, coupled with
Lucifer Yellow injections of cells in the embryonic nervous
system of a giant glossiphoniid leech species, Haementeria
ghilianii.

Although the small size of the Helobdella embryo prevents
electrophysiological identification of its embryonic neurons,
a pair of morphologically identifiable neuropil glia found in
each segmental gnalgion have been found to arise from the N
teloblasts. Normally, one cell of the pair arises from each
N teloblast. The ablation of one N teloblast by intracellular
deoxyribonuclease (DNase) injection in early embryogenesis
results in a later embryo with ganglia that appear to lack
one neuropil glia, even when progeny of the surviving N telo-
blast have crossed the ventral midline and are distributed
bilaterally within the ganglion.

MONOAMINE NEURONS IN EMBRYONIC AND ADULT LEECH. Duncan K. Stuart,
Department of Molecular Biology, University of California,
Berkeley, CA 94720.

Serotinergic and dopaminergic neurons have been studied in the
giant leech, Haementeria ghilianii. In the segmental ganglia
apparent homologs of all the previously described serotinergic
neurons of Hirudo are present: the giant Retzius pair, the two
lateral pairs, the unpaired, posterior medial cell, and the
anterior medial pair located only in the first three segmental
ganglia. These neurons all stain with neutral red and with the
glyoxylic acid fluorescence technique of Torre § Surgeon
(Histochem. 49, 1976). However, the unpaired, posterior medial
cell is found only in the first seven segmental ganglia of
Haementeria whereas it is present in all the segmental ganglia
of Hirudo.

In Haementeria two pairs of presumed dopaminergic neurons have
been found in each segment, the larger pair in the medial branch
of the anterior segmental nerves and the smaller, more
peripheral pair in the anterior branch of the anterior nerves.
Each dopaminergic neuron projects a major axon centrally which
ends in extensive varicose endings in the neuropile of its own
and adjacent segmental ganglia. In Hirudo there exists only
one corresponding dopaminergic pair.

In Haementeria embryos the serotinergic and dopaminergic
neurons begin to contain enough serotonin and dopamine to stain
them with the glyoxylic acid method one day after hatching. At
that time the larger of the dopamine neurons already sends its
major axon into the ganglion, where it branches and sends
processes into the adjacent anterior and posterior segments. By
this time the isolated nervous system can also be shown to be
capable of synthesizing serotonin and dopamine from their radio-
labeled precursors. Over the next 7 days the dopaminergic
endings in the neuropile increase dramatically, as does the
distance between the dopaminergic cell body and its target
ganglion. The diameter of the Retzius cell bodies increase
relative to other somata.

For the present purpose, the glyoxylic acid procedure was
modified for staining of unsectioned material. The preparation,
consisting of a dissected leech nerve cord and attached body
wall, was stretched and pinned out above the surface of a Sylgard-
coated dish filled with ice cold saline and stained for 1-2 min.,
followed by drying with cold air from a hair dryer for 30 min.,
and heating in a 95°C oven for 3-5 min. This procedure clears
the connective tissue and permits excellent visualization of
the serotinergic (yellow) and dopaminergic (blue) cell bodies,
axons, and endings.

4.2

4.4

CELL INTERACTIONS AND THE FORMATION OF NORMAL CELL PATTERNING
IN THE EARLY EMBRYO OF THE LEECH. S.S. Blair*. Dept. Mol. Biol.
UCB, Berkeley, CA 94720.

The embryo of the glossiphoniid leech Helobdella triserialis
has been used for the study of cell lineage in the developing
nervous system. At the outset of development a series of stereo-
typed cleavages produce three macromeres (A,B and C), four bi-
lateral pairs of ectoteloblasts (N,0,P and Q) and one bilateral
pair of mesoteloblasts (M). The teloblasts give rise to bandlets
of stem cells which merge to form the two germinal bands; these
two germinal bands eventually coalesce along the ventral midline
of the embryo to form the germinal plate, from which arise seg-
mental structures, such as the ventral nerve cord and its seg-
mental ganglia. Through injection of tracer dyes into identified
teloblasts or teloblast precursors, it has been shown that the
progeny of each teloblast contribute in a characteristic manner
to specific structures within the ipsilateral hemiplate. Thus,
the progeny of the N teloblast are found mainly in the ventral
nerve cord, where they form a spatially stereotyped fraction of
the neurons of each ipsilateral hemiganglion. To determine the
extent to which formation of this developmental pattern is
dependent upon interactions with other cell types, a series of
experiments were carried out in which an N teloblast was filled
with a fluorescent tracer (rhodamine peptide) and other telo-
blasts or teloblast precursors were ablated through the intra-
cellular injection of DNase I.

Preliminary results indicate that the ablation of the ipsi-
lateral OPQ or OP teloblast precursors has no visible effect
upon the distribution of N teloblast progeny. If instead the
ipsilateral M teloblast is ablated, the N teloblast progeny are
profoundly disorganized, failing to form ipsilateral hemiganglia
or other segmental structures; a portion of the N teloblast pro-
geny may even cross the midline from the mesoderm-deficient side
of the germinal plate, apparently becoming incorporated there
into the contralateral hemiganglia. As reported earlier, the
ablation of the contralateral N teloblast may also cause ipsi-
lateral N teloblast progeny to cross the midline of the germinal
plate. Thus, N teloblast progeny appear to interact with contra-
lateral N teloblast progeny and with the underlying mesodermal
substrate. Interactions with the adjacent 0, P or Q ectotelo-
blasts appear to be less important for normal patterning of N
teloblast progeny in the genesis of the segmental ganglion.

SPECIFIC KILLING OF MONOAMINERGIC NEURONS IN THE LEECH EMBRYO BY
CYTOTOXIC NEUROTRANSMITTER ANALOGS. J. Glover* and A. Kramer.
Graduate Group in Neurobiology, UC Berkeley, Berkeley, CA. 94720

The segmental ganglia of the leech Haementeria ghilianii con-
tain a small number of putative serotonergic neurons. These neu-
rons were found to be susceptible to the cytotoxic effects of the
serotonin analogs 5,6 - and 5,7 - dihydroxytryptamine.

Late stage leech embryos, already containing a morphologically
intact nerve cord, were injected with 3-4 ul of solutions of the
toxic analogs in millimolar concentrations. Within 8 hours, the
serotonergic neurons had acquired an intense abnormal brown pig-
mentation. By the fourth day after injection, the serotonergic
neurons showed morphological and physiological signs of cell
death, with marked shrinkage of cellular diameter. The cytoplasm
had a granuiar appearance, often with accumulations of large
vesicles, and the nucleus was not evident. Often the plasma mem-
brane was clearly absent, and the cell persisted only as a clus-
ter of vesicles or dispersed cellular debris. Cells with intact
membranes, when penetrated with a microelectrode, exhibited
little or no resting potential and no sign of active membrane
properties. Injection of the cell body remnants with lucifer
yellow revealed an absence of neurites. These cytotoxic effects
were evidently specific since other, non-serotonergic, including
putative dopaminergic, neurons appeared morphologically and
physiologically normal.

Injection of similar concentrations of toxic analogs into adult
leeches produced an apparent disruption of serotonergic terminals.
The large serotonergic Retzius cells exhibited significant de-
creases in resting potential, spike amplitude and electrical
coupling. The analogs also appeared to interfere with the pro-
duction and coordination of swimming movements, a behavior known
to be modulated by serotonin in leeches. This effect could be
transiently overcome by injection of serotonin.
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4.5 DEVELOPMENT OF IDENTIFIED NEURONS IN THE LEECH CNS, J.Y. Kuwada

4.7

and W.B. Kristan, Jr. Dept. of Biol., UCSD, La Jo11a, CA. 92093.

We are investigating the development of a simple, shortening
reflex in the Teech Haementaria ghilianii. As a first step the
central mechanosensitive pressure or P cells, which innervate the
skin and provide strong input for the reflex, are being studied.

Eleven days after eggs are laid the chain of ganglia which
make up the leech CNS is distinguishable and the P cells have a
growth cone directed towards the midline. Later this central pro-
cess branches sending axons into both anterior and posterior con-
nectives. Simultaneously, many peripherally directed processes
appear from the soma. A day later one main peripheral axon, which
will set up the cell's major receptive field, is evident. The
"extra" smaller processes will subsequently disappear. P cells
attain their basic. adult morphologies (3 wks) when, in order,
peripheral axons grow out roots of adjacent ganglia to set up
minor receptive fields in adjacent segments, central neuropilar
processes appear, and secondary peripheral axons grow out the
ganglion containing their somata.

During the first 2-3 days of process growth, the central pro-
cess is covered with lateral filopodia which later disappear fol-
lowed by the growth of neuropilar processes. Thus neuropilar pro-
cesses do not arise by the selective retention and enlargement of
some filopodia. During this time the anterior processes develop
faster than the posterior ones and P cells go from displaying
passive membrane properties to delayed rectification to noninvad-
ing axon spikes. Subsequently, overshooting action potentials can
be recorded. Spontaneous synaptic potentials become evident at
the time of neuropilar growth.

The initial, primary peripheral axon, like the early central
ones, is covered with filopodia as it grows out but the axons
which grow out later exhibit much fewer filopodia. This may re-
flect the fact that the initial axon grows out when roots have not
yet formed while the later axons follow roots.

There are 2 P cells per hemiganglion--one mainly innervates
the ventral skin and the other the dorsal skin. In the first 3
weeks of development, 1ittle if any overlap has been observed
between the major and minor fields of a P cell, the major fields
of the ventral and dorsal P cells, or the major fields of P cells
from adjacent ganglia. These findings plus those of A. Kramer on
older leeches ?persona] comm.) indicate that P cell receptive
fields do not arise from an initial overgrowth followed by con-
traction of peripheral fields.

Presently being investigated are factors influencing the loss
of early "extra" peripheral processes and growth of the main per-
ipheral axon, development of an interneuron and motor neuron
involved in the reflex, and formation of reflex synapses.

ABNORMAL NEURAL DEVELOPMENT IN DROSOPHILA EMBRYOS CARRYING
MUTATIONS AFFECTING SEGMENTAL IDENTITY OR SEGMENT NUMBERS.
Lily Yeh Jan* and Yuh Nung Jan. Dept. of Physiology, Univ. of
California, San Francisco, CA 94143.

We found that antibodies to horseradish peroxidase (HRP) bind
to neuronal membranes and serve as a general neuronal marker in
Drosophila. This immunohistochemical staining marks sensory
structures, neuromuscular junctions, nerves and fiber tracks in
the central nervous system of embryos, larvae, and adult flies.
Preadsorption of these antibodies with HRP eliminated all stain-
ing. The same pattern of nerve fibers as revealed by fluorescent
antibodies to HRP was also marked by brown HRP reaction products
when sections were treated sequentially with antibodies to HRP,
HRP, diaminobenzidine and hydrogen peroxide. Using an electron
microscope, we found that the HRP reaction products were on
neuronal membranes.

With this staining, one sees in the embryonic central nervous
system two bundles of fibers running in parallel along the en-
tire length of the ventral ganglion and, within each segment,
two major commisures connecting the two bundles of longitudinal
fibers. Embryos carrying various mutations, deficiencies or
duplications have been examined using this staining method.
Evidence will be presented to demonstrate that the bithorax gene
complex (E.B. Lewis, Nature 276, 565-570, 1978) affects the
embryonic nervous system. Also, mutations affecting segment
number (C. Nlsslein-Volhard and E. Wieschaus, Nature 287,
795-801, 1980), such as paired, even-skipped, runt, Krllppel and
knirps, have been found to alter segment number and organization
of the nervous system in embryos.

4.6 AN INSECT INTERNEURON DEPRIVED OF SENSORY INNERVATION DURING ITS
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EMBRYOGENESIS DOES NOT FORM THE NORMAL COMPLEMENT OF DENDRITIC
BRANCHES. Marty Shankland, Corey S. Goodman, & David Bentley.
Dept. of Zoology, University of California, Berkeley, Ca. 94720
& Dept. of Biol. Sci., Stanford University, Stanford, Ca. 94305.

The Medial Giant Interneuron (MGI) of the grasshopper
receives its primary input from the peripheral sensory neurons
of the cercus. This synaptic connection is established during
embryogenesis, and we have examined the way in which the initial
contacts are made between these cells. Cobalt fills of the
embryonic cercal nerve have shown that the first sensory axons
enter the CNS at 60/65% of embryonic life, and intracellular
Lucifer fills of the differentiating MGI demonstrate that its
dendrite has very few subsidiary branches at this time. Numer-
ous growth cones begin to spring forth from the main trunk of
the dendrite after the sensory axons arrive, and these branches
radiate outward until they come into contact with the sensory
axon terminals. The dendritic branches do not grow beyond this
point. Thus, the coordinate morphogenesis of the cercal sensory
axons and the MGI dendrites suggests that developmental inter-
actions between these cells could be responsible for the
formation of dendritic growth cones, and the orientation and
cessation of their growth.

We addressed this question experimentally by unilaterally
ablating the cercus at 60% of embryonic life, i.e. before the
first sensory axons reach the CNS. The operated embryos were
cultured in a defined medium for 3-9 days and, judging from
external criteria, underwent relatively normal development
up to 90%. Cobalt fills showed that the cercal sensory axons on
the unoperated side of the embryo grow in their normal fashion
without forming abnormal crossing projections. This means that
the MGI dendrites on the operated side are in fact deprived of
contact with cercal sensory axons during the entire course of
embryogenesis. Lucifer and cobalt fills of the MGIs on the two
sides of the ganglion revealed that dendrites on the deprived
side have many fewer branches and smaller branches than dendrites
on the undeprived side. Despite this reduction in number, the
branches which do form exhibit the appropriate orientation and
do not project beyond the point where they would normally have
contacted the missing afferents. These findings demonstrate
that sensory axon contacts are necessary for the MGI to form
and/or retain its normal complement of dendrites. It also
appears that these particular sensory axons are not necessary
guidance cues for dendritic growth cones to display the usual
pattern of growth once they are formed, but it is not known
to what extent guidance depends upon other remaining inputs.

DEVELOPMENT OF SYNAPTIC TRANSMISSION IN THE ANTENNAL LOBES OF MAN-
DUCA SEXTA DURING METAMORPHOSIS. Leslie P. Tolbert, Steven G. Mat-
sumoto, and. John G. Hildebrand, Dept. of Neurobiology, Harvard
Medical School, Boston, MA and Dept. Biology, Columbia Univ., NY,
NY.

During the 18 days of metamorphic adult development, sensory
neurons in the antenna are born and send their axons to contact
developing second-order olfactory neurons in the antennal lobe
(AL) of the brain. The axons reach the brain on about day 3 of
adult development, when the AL is small and has a light-micro-
scopically homogeneous neuropil. By day 5 glial cells begin to
separate peripheral areas of the neuropil into distinct spheroid-
al glomeruli, and by day 6 the AL looks histologically mature
except for its small size.

At day 6, the earliest day at which we have been able to ob-
tain adequate ultrastructural preservation, a few synapses have
already begun to form in the newly defined glomeruli. In cross-
section, these synapses resemble mature synapses except that they
have many fewer synaptic vesicles. In addition to synapses there
are numerous desmosome-like contacts, both between glomerular
processes and between neurites in extraglomerular (nonsynaptic)
regions of the neuropil. In the glomeruli, the desmosome-like
contacts often form at the points where three processes meet;
these junctions resemble synapses without synaptic vesicles. While
the total packing density of ultrastructural junctions in the glo-
meruli remains fairly constant through the rest of adult develop-
ment, the percentage of these that are synapses increases until
day 12, when it reaches the adult value. Our observations do not
reveal whether the early desmosome-like contacts become synapses
or whether they simply perform, for instance, an adhesive role
during synaptogenesis.

Although synapses can be detected by electron microscopy as
early as day 6, intracellular recordings from AL neurons do not
detect synaptic transmission from the antennal nerve until day 9,
when the number of synapses per unit area in the AL also dramati-
cally increases. The early synapses observed in the electron mi-
croscope could be extrinsic (i.e. from antennal axons) or intrin-
sic (i.e. between AL neurons) in origin. We are currently deter-
mining the time course of the maturation of the antennal-axon
synapses by labelling this population with horseradish peroxidase.
This should reveal whether our ability to detect synaptic trans-—
mission between antennal axons and AL neurons correlates with a
maturation of the synapses observable before day 9 or with the on-
set of ultrastructural synapse formation by the antennal axons.
(Supported by NSF Grant BNS 77-13281 and by NIH Postdoctoral
Fellowships and Training Grant NS-07112).
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4 DEVELOPMENT IN INVERTEBRATES

DEVELOPMENT OF THE GIANT FIBER SYSTEM IN CRICKETS.
and R.K. Murphey. SUNY Albany, Albany, N.Y. 12222.

Orthopteran insects have a group of giant interneurons located
in the abdominal nervous system which have been implicated in
escape responses. We are interested in the development of two of
these neurons in crickets, the medial giant interneuron and
lateral giant interneuron (MGI, LGI). We wanted to determine
their segment of origin and whether they were segmentally homo-
logous. We approached this problem by using axonal iontophoresis
of cobalt from the mesothoracic ganglion to the terminal ganglion
in cricket embryos at different developmental stages (staging is
based on Bentley et al., 1980). Neurons in the terminal ganglion
whose axons run anteriorly are selectively stained with this
method. At 50% of embryonic development the abdominal nervous
system consists of 11 primitive segments, the four most posterior
ones (7-11) will fuse to form the adult terminal ganglion. The
neurons which stain at this stage form bilaterally symmetric
clusters whose axons cross in characteristic positions in the
anterior and posterior commissures in each of the abdominal seg-
ments. (A cluster is defined as a group of neurons whose somata
are grouped and whose axons cross in the same position in the
commissure.) We have limited the analysis to neurons in the an-
terior commissure. There are three clusters of neurons with
axons in this commissure: cluster 1 is composed of two to four
cells with axons in the anterior portion of the commissure,
cluster 2 contains four to six neurons whose axons occupy the
medial region of the commissure and cluster 3 is limited to a
distinctive pair of neurons whose axons are closely apposed just
distal to their cell bodies and occupy the most posterior portim
of this commissure. At this stage (50%) the neurons are indis-
tinguishable from each other. Between 50% and 70% the abdominal
segments undergo fusion to form the terminal ganglion. The
clusters are still visible at 70% and certain neurons within each
cluster have begun to enlarge with respect to their neighbors.
By 90% both MGI and LGI are much larger than any other neurons
and by examining successively younger stages we could determine
which cluster they were derived from. MGI and LGI come from
cluster 2 in the eighth and ninth abdominal segments respective-
ly. 1If these clusters correspond to the progeny of homologous
neuroblasts then it is conceivable that they are serial homolo-
gues. In order to confirm this it will be necessary to deter-
mine that they come from the same cell division of the same
neuroblast in their respective segments. Future experimentswill
address this question as well as comparisons with other orthop-
teran insects to discover whether the giant interneurons in those
insects have similar lineages to those in crickets.

Supported by NSF grant BNS 78-24939.

G. Jacobs

SYNAPTIC INTERACTIONS BETWEEN THE CLAVATE SENSORY NEURONS OF
CRICKETS AND AN IDENTIFIED INTERNEURON. Donald S. Sakaguchi* and

R.K. Murphey. Dept. of Biol. Sci., SUNY Albany, Albany, N.Y.
12222,

Club-shaped sensilla, referred to as clavate hairs, have pre-
viously been shown to provide the cricket (Acheta domesticus)
with equilibrium information regarding its orientation in the
gravity field. Each clavate sensillum is innervated by a single
sensory neuron which projects to the cercal glomerulus of the
last abdominal ganglion (Murphey, Neurosciences Abstract #841,
1979). These sensory neurons form a somatotopic projection in
the cercal glomerulus. A major goal of this study was to corre-
late the dendritic distribution of the identified positional
interneuron with the afferent patterning from the clavate sensory
receptors. A bilaterally symmetric pair of interneurons in the
terminal ganglion was identified and shown to receivée their
primary afferent input from the clavate sensory cells. We im-
paled and filled these interneurons with cobalt-chloride. The
soma is located ventrally and found at the anterior lateral mar-
gin of the terminal ganglion contralateral to its axon and main
dendritic processes. The anteriorly projecting axon has been
filled to the meso-thoracic ganglion, where it gives off a single
collateral within each ganglion. The major dendrites outline the
anterior boundaries of the cercal glomerulus and serial recon-
structions in transverse section show that the dendritic branches
occur in regions of the neuropil corresponding to areas where
the clavate afferents terminate.

Physiological characterization of the interneuron was carried
out by intracellular recording from the soma. The interneuron
response properties were recorded as the cerci were displaced
with respect to the animal's body. When the cerci were held in
the normal horizontal position there was a low level of baseline
spike activity. When the cerci were deflected upwards from this
position (analogous to pitch forward) the interneuron was
transiently hyperpolarized and no activity was observed invading
the soma. With downward deflection of the cerci (analogous to
pitch back) a small, tonic depolarization was observed with an
increase in frequency of passively invading spikes superimposed
on the excitatory postsynaptic potential. During this movement
an initial transient dynamic component was observed which de-
creases to a tonic level of excitation above the baseline level.
We are currently examining the connectivity diagram further by
selectively deleting various hairs in an attempt to correlate the
now well-described afferent projection with the structure and re-
sponse properties of the postsynaptic neuron. Supported by NIH
grant NS 15571 to RKM.

4.10

4.12

CRICKET CERCAL FILIFORM HAIRS HAVE A SOMATOTOPIC PROJECTION IN
THE TERMINAL GANGLION. J.P. Bacon and R.K. Murphey. SUNY
Albany, Albany, New York 12222.

The cricket has two kinds of mechanosensitive hairs on its
cercus, wind-sensitive filiform hairs which cover the entire
cercus and gravity-sensitivity clavate hairs, found only proxi-
mally and medially. Cobalt-filling the cercal nerve reveals
that most sensory fibres terminate ipsilaterally in the terminal
ganglion to form the hollow, club-shaped cercal glomerulus.
Identifiable clavate hair afferents project somatotopically into
this glomerulus (Murphey et al., 1980). This means that adja-
cent points on the cercal surface project to adjacent positions
in the cercal glomerulus: the cercal surface is represented as a
continuum in neuropilar space.

But what of filiform hair afferents, do they also exhibit
somatotopy? Their large numbers and the fact that they are not
arranged in obvious rows had hitherto hindered their investiga-
tion. However, by working with animals from the first to the
sixth instar, when there are far fewer hairs, we have been able
to demonstrate that each filiform hair is uniquely identifiable,
both in terms of its position on the cercus and the position of
its afferent arborization within the cercal glomerulus. Fili-
form hairs on the proximo-medial cercal surface (that region
covered by clavate hairs) project to the same regions of neuro-
pile as their clavate neighbors. This supports the notion that
the somatotopic maps of the two types of mechanosensitive hairs,
concerned with the processing of different sensory modalities,
are isomorphic. Clavate hairs occur on only the medial 150° of
the cercal surface whereas filiform hairs are equally distributed
around the circumference. By cobalt-filling filiform hairs at
all circumferential positions, we found that one circumnavigation
of the cercus is represented as two trips around the cercal
glomerular shell. In other words, opposite sides of the cercus
project to approximately the same region of the glomerulus: a
clear example of this general principle being provided by medial
and lateral hairs both of which project medially in the
glomerulus.

This anatomical description provides new insights into the
cercal to giant interneurone system. Some of the large inter-
neurons have already been identified. By studying their anatomy
we should be able to predict which filiform afferents will or
will not connect directly with a given interneuron and thereby
explain its response properties. We intend to test this idea by
recording simultaneously from identified sensory neurons and the
giant neurons. Such an analysis should demonstrate the function-
al significance of the filiform hair afferent somatotopic organ-
ization. Supported by NSF Grant BNS 78 24039 to RKM.

COMPETITIVE INTERACTIONS AND THE FORMATION OF A SOMATOTOPIC MAP
IN AN INSECT. W.W. Walthall and R.K. Murphey. Dept. of Biol.
Sci., SUNY Albany, Albany, N.Y. 12222,

Clavate hairs exist in rows which run approximately parallel
to the longitudinal axis of the cercus. Each hair is innervated
by a single peripheral sensory neuron. All of the axons from
cell bodies within a row project to the same general target area
in the CNS. Within this target region there exists a gradation
in arbor size: the older more distal neurons have arbors which
extend into more anterior regions of the target, while younger,
more proximal neurons have arbors which are restricted to more
posterior areas. Thus, the central projection of a clavate
neuron reflects its cell body's position along the proximo-
distal axis of the cercus. We have asked whether competitive
interactions between neighboring neurons play a role in the
construction of this map? To answer this we forced the regenera-
tion of proximal neurons in the absence of their more distal
neighbors. Our experimental paradigm was to cut off all of the
cercus just distal to the clavate array and then make a notch
deletion removing the five most distal clavate hairs in a row.

At the samé time the cercal nerve was cut at the junction between
the cercus and the abdomen, thus forcing axonal regeneration from
this point. The result is that proximal neurons regenerate arhors
into more anterior regions of the target. They do not normally
project to this area, presumably because they are excluded by

the presence of their more distal neighbors. Three types of
controls were carried out: nerve cut only, to see if regenera-
tion is orderly; notch deletion without nerve cut to see if
regeneration is necessary for expansion; and punctate deletions
of clavate hairs leaving more distal components intact, to see

if smaller deletions provide the necessary impetus for expansion.
In these controls no expansion of the arbors was observed. These
results demonstrate that expansion of insect sensory neurons into
foreign regions of neuropil can occur, but only when the axon is
forced to regenerate into a partially deafferented target. We
suspect that this expansion is functionally significant, increas-
ing the synaptic efficacy of proximal neurons and intend to test
this physiologically.

Supported by NIH grant NS15571 to R.K.M.
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SYNAPSE FORMATION BY REGENERATING PREGANGLIONIC SYMPATHETIC 5.2
AXONS IN NEONATAL RATS. A. J. Smolen, L. Wright and T. Lindley*
Department of Anatomy, The Medical College of Pennsylvania,
Philadelphia, PA 19129.

We have reported that section of the cervical sympathetic
trunk (CST) in rats on postnatal day 3 results in some regenera-
tion of the cut axons which form synapses in the superior cer-
vical sympathetic ganglion (SCG). Since there was considerable
variability in the numbers of synapses in reinnervated ganglia,
we hypothesized that there may be a variable amount of regenera-
tion of cut axons which is responsible for this synaptic vari-
ability. The present series of experiments was designed to test
this hypothesis.

The left CST was cut approximately 1-2mm caudal to the SCG
in neonatal rats on either day O (the day of birth) or day 3.
The proximal and distal stumps were replaced in a position medial
to the common carotid artery, but no special effort was made to
approximate the cut ends. After a survival of three months
(previously shown to be sufficient for regeneration and synapse
formation) the left SCG and its CST were removed and processed
for electron microscopical observations. Counts were made of
total numbers of axons in the CST and synapses in the SCG.

As reported previously, sectioning the CST on postnatal day
3 resulted in the establishment of approximately one-half the
normal number of ganglion synapses (2.5 x 106 in operated
animals vs. 4.4 x 100 in controls). Counts of axons revealed
that about one-half of the normal number of axons were present
in the CST (2600 in operated animals vs. 5900 in controls).
Sectioning the CST on the day of birth resulted in the establish-
ment of fewer synapses in the SCG (mean of 1.1 x 106). In this
group of animals, the number of axons found in the CST was also
greatly reduced (to a mean of 800). Within each age group,
the number of ganglionic synapses was correlated with the
numbers of axons in the CST.

We have shown that sectioning the CST in neonatal animals re-
sults in incomplete regeneration of the preganglionic axons
which were cut. The later that the nerve is cut, the less severe
is the loss of preganglionic axons. This suggests that the pre-
ganglionic neurons may be more susceptible to axotomy-induced
direct retrograde cell death, and this susceptibility diminishes
during maturation. Thus, the number of ganglionic synapses
formed appears to be determined by the number of axons which
survive to regenerate into the SCG and not by the number of
available target postganglionic neurons.

Supported by NIH grants NS 15952 and NS 07061.

SELECTIVE CHANGES IN BRAIN SYNAPSE NUMBER ESTIMATED WITH
ANTIBODIES TO A POSTSYNAPTIC DENSITY COMPONENT. M.Nieto Sam-—
pedro*, C.M. Bussineau* and C.W.Cotman. Dept. Psychobiol.,
Univ. Calif., Irvine, CA 92717.

Antibodies to molecules present only in the synaptic region
of the neuron should be extremely valuable tools in the study
of developmental and reactive synaptogenesis. Brain postsynaptic
densities (PSDs) contain at least one such antigenic junctional
marker, a protein of mol.wt. 95000 (antigen PSD-95). Antibodies
raised in rabbits against highly purified PSDs react predominan—
tly (85-90 %) with PSD-95 in SDS-gel electrophoregrams of mem—
brane fractions from rodent brain. By electron microscopy,
immunoreactivity is restricted to the PSD, whereas by light
microscopy, the three-layer peroxidase-antiperoxidase method
(PAP) shows specific staining only in those areas known to
contain synapses. Antigen PSD-95 is highly conserved during
evolution as it is present in synaptic junctions from the brain
of all vertebrate species examined from elasmobranchs to mammals.

Antibodies to PSD-95 can be used in the quantitative estimate
of loss and recovery of PSDs during reactive synaptogenesis.
This was performed either by microdensitometry of brain slices
after immunostaining by the PAP method of by determination of
radioactivity in select zones of bra{ssslices after treatment
with anti-PSD antibody followed by [ I]protein A. Three days
after unilateral ablation of the rat entorhinal cortex, 35-50%
of the immunoreactivity was lost in the outer molecular layer
of the dentate gyrus ipsilateral to the lesion whereas the
inner molecular layer was not affected. Lost immunoreactivity
was recovered beginning 10 days post-lesion, in agreement with
quantitative electron microscopic studies (Matthews et al.,
Brain Res.115:121, 1976). Fimbria transection, on the other
hand, did not reduce the anti-PSD immunoreactivity in the
lateral septal nucleus in agreement with the loss of synapses
but conservation of PSDs reported by Raisman and Field (Brain
Res. 50:241-264,1973).

These results indicate that antibodies to specific synaptic
markers can be used in the rapid quantitative study of changes
in synapse number following experimental lesions. Similar
determinations should be possible during developmental synapto—
genesis, degenerative changes during aging or as a consequence
of illness and, perhaps, as a correlate of some types of learn-
ing and experience. Supported by grants NS08957 from NIH and
AG00538 from NIA.

5.4

EFFECTS OF NEONATAL TREATMENT WITH TESTOSTERONE ON MATURATION
OF PRE- AND POSTGANGLIONIC SYMPATHETIC NEURONS. Linda L.
Wright, and Arnold J. Smolen. Department of Anatomy, The Medical

College of Pennsylvania, Philadelphia, PA. 19129.

Evidence from studies of reinnervation of the superior cervi-
cal ganglion (SCG) following section of the preganglionic nerve
suggests that there may be a limit to the number of synapses
formed by each preganglionic axon (e.g.Ostberg et al. '76). 1In
these studies in the adult rat a loss of preganglionic axons is
correlated with a reduction of synapses in the ganglion, and the
presence of unoccupied postsynaptic densities. Thus, the reduced
numbers of preganglionic axons cannot expand to reinmnervate all
of the potential postsynaptic sites in the ganglion. Synaptic
recovery is also incomplete after neonatal preganglionic section
(Smolen, '81). To the extent that reinnervation mimics normal
development, these results suggest that the number of pregang-
lionic axons, not the number of ganglion neurons is the limiting
factor in the number of synapses formed in the ganglion (see
Smolen et al., this volume). We have tested this hypothesis
during normal development by determining whether the numbers of
synapses are altered when the numbers of ganglion neurons is in-
creased. Testosterone propionate (TP) has been shown to increase
neuron numbers in the rat SCG (Dibner and Black,'78), presumably
by increasing endogenous levels of Nerve Growth Factor (NGF) and
thereby preventing normal cell death. TP (80mg/kg) or vehicle
was administered on alternate days from birth to the time of
sacrifice on day 15. Neuron and synapse counts revealed that at
15 days, when 85-90% of the adult numbers of synapses have been
formed (Smolen and Raisman,'80) the number of synapses in the TP
treated ganglia do not differ from controls, even though the
number of ganglion neurons is increased by 30%. This result
supports the hypothesis that preganglionic axons have a limited
synaptic capacity even during the early postnatal period when
synaptogenesis normally occurs. The increased numbers of neuroas
and normal numbers of synapses suggests that either each gang-
lion cell receives fewer synapses, or that the neurons prevented
from dying by the TP treatment are defective in some way and do
not receive synaptic input.

(Supported by NIH grants # NS 15952 and NS 13768)

Evidence For the Innervation of the Rat Pineal Gland During Late
Fetal Development. Anthony Altar*, Tom Motroni*, and Loy D. Lytle
(SPON: Harry J. Carlisle). Laboratory of Psychopharmacology,
University of California, Santa Barbara, CA 93106.

Previous findings (Altar et al, Fed. Proc. 40: 250, 1981;
Yuwiler et al, Am. J. Physiol. 233: 141, 1977) have shown that
post-synaptic beta-noradrenergic receptors controlling ‘pineal
gland n-acetyltransferase activity (NAT) appear relatively early
in development and before the gland has received complete innerva-
tion by sympathetic nerve terminals. It has yet to be shown, how-
ever, at what age these nascent receptors first become innervated
by noradrenergic sympathetic fibers. Catecholamine histofluoresc:
ence of the rat pineal gland on the day of birth reveal sym—
pathetic nerves which penetrate the pineal capsule but mainly
appear to reside on the surface of the gland (Hakanson et al, Life
Sci., 6: 2577, 1967). The present study attempted to determine
the age at which pineal gland presynaptic nerve terminals first
make functional connections with beta-noradrenergic receptors by
incubating pineal glands from rats of various ages with d-
amphetamine or l-isoproterenol, sympathomimmetic amines which
depend upon pre- or post-synaptic components, respectively, to
increase pineal NAT enzyme activity.

Pineal glands from fetuses obtained 19 or 20 days post-
conception or from rats 0, 2, 10, or 50 days of age were placed
into in vitro organ chambers. Glands were stimulated with either
the vehicle or with 10-5 M (prenatal pineals) or 1076 M (postna-
tal pineals) d-amphetamine or l-isoproterenol for 4 hr. Following
incubation, pineal glands were assayed for NAT activity according
to the procedure of Deguchi and Axelrod (Anal. Biochem. 50: 174,
1972). NAT activity was expressed as nmoles of end product, n-
acetyltryptamine, formed per pineal gland per hr.

Daytime NAT activity was relatively low late in gestation,
increased after birth to attain a maxima by ten days of age, and
declined to a low baseline by 50 days of age. L-isoproterenol
markedly increased NAT as soon as 19 days post-conception and,
with increasing age, produced successively larger NAT increases.
In contrast, relatively high concentrations of d-amphetamine
failed to increase pineal NAT 19 or 20 days post—-conception. By
the day of birth and thereafter, however, NAT was markedly
elevated by d-amphetamine.

These results show that the post-synaptic beta-receptor agon—
ist 1l-isoproterenol stimulates pineal NAT at least 2 days before
the presynaptically acting drug, dJ-amphetamine, is capable of
increasing NAT. Thus, functional innervation of the pineal gland
by sympathetic, noradrenergic nerve terminals appears to occur
during the last 2 days of gestation and after the functional
development of post-synaptic beta-noradrenergic receptors. Sup-
ported by NIMH grant MH-31134 to LDL and by NIDA predoctoral fel-
lowship award DA-05136 to AA.
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INITIAL SYNAPTIC TRANSMISSION AT THE GROWTH CONE IN
XENOPUS NERVE-MUSCLE CULTURES. Y. Kidokoro and E. Yeh.*
The Salk Institute, P.O. Box 85800, San Diego, Ca. .

Early events in the formation of the neuromuscular junction
have been studied in cell cultures where compaonent cells are clearly
visible under a light microscope. Synaptic transmission occurs
shortly after nerve-muscle contact, even prior to acetylcholine
receptor accumulation to the nerve contact area. We have
examined initial synaptic transmission at the growth cone-muscle
contact in Xencpus nerve-muscle cultures. The approaching growth
cone was observed while the membrane potential of its target
muscle cell was continuously monitored. Nerve-evoked synaptic
potentials were measured shortly after a growth cone contacted the
muscle membrane. The interval between the initial contact of
growth cone with muscle membrane and the onset of synaptic
transmission was estimated as approximately 8 minutes. Fluctua-
tion of the endplate potential amplitude was analysed by using
binomial statistics. It seems that transmitter release at the growth
cone occurred in a quantal fashion.

SYNAPTOGENESIS

5.6

SYNAPTOGENESIS IN THE DENTATE GYRUS OF PRIMATES: QUANTITATIVE EM
STUDY IN RHESUS MONKEY. M.F. Eckenhoff and P. Rakic. Sect. of
Neuroanatomy, Yale Univ. Sch. of Med., New Haven, CT. 06510.

The dentate gyrus of 13 rhesus monkeys of embryonic (E) days
E71, E73, E75, E78, E91, E110, E130, E149, birth (E165) and post-
natal (P) days P34, P64, 10 months and adult were prefused by mix-
ed aldehyde fixative and processed for electron microscopy. Quan-
titative analyses were conducted using 4-8 EM probes/animal. Each
probe consisted of 10-25 consecutive overlapping electron micro-
graphs taken across the full width of the molecular layer of the
suprapyramidal (SPL) and infrapyramidal (IPL) limbs.The number of
synapses/u” within the inner, middle and outer third of the molec-
ular layer and the density of asymmetrical (ASS) and symmetrical
synapses (SS) were determined for each age.

No synapses are present at E71. An occasional synapse can be
detected at E73 and E75 but their distribution was quantified on-
ly by E78 when their density became measureable. In the IPL, the
density of synapses increases rapidly dgring the second half of
gestation and reaches a peak of 0.132/u“ at birth (66X the number
at E78). Although the SPL at E78 contains significantly greater
numbers of synapses than the IP&, its peak of synaptic density is
also achieved by birth (0.117/u” or 26X the number at E78). The
synaptic density levels off after birth; we found no significant
density differences between the newborn and adult in either limb
although the total number of synapses increases after birth since
the hippocampal area continues to grow.

Synaptic densities are similar throughout the inner,middle and
outer thirds of the molecular layer of the IPL and SPL although
each third receives different inputs. Furthermore, both limbs
showed no significant differences in the number of ASS and SS be-
tween E78 and E110. However, ig the IPL the density of ASS in-
creases 84X from E78 (0.0015/m”) to birth and thereafter remains
constant, whereas the number of SS increases more gradually (24X)
from E78 to E149 (0.012/u") Qnd then decreases to relatively low
levels in the adult (0.002/p"). En the SPL, the density of ASS
increases 40X from E78 (0.0027/n“) to birth without significant
change thereafter. The nugber of SS increases more gradually (7X)
from E78 to E149 50.013/u ) and then decreases to low levels in
the adult(0.002/p").

In summary: (a) Synaptogenesis in the primate hippocampus oc-
curs at considerably earlier embryonic ages than in rodents. (b)
There is a biphasic progression of synaptogenesis with a rapid
increase from E78 to birth, after which the density levels off.(c)
ASS and SS terminals have distinct tempos of development. (d)

At early stages synaptogenesis is more robust in the SPL than in
the IPL. (e) Time of origin of neurons that form afferents to the
molecular layer do not correspond to the sequence of synapse form-
ation. (Supported by NS14841).
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MULTIPLE SEROTONIN RECEPTORS DISCRIMINATED BY ANALOGUES OF 5-
METHOXYTRYPTAMINE.! M.H. Smit*@» > R.L. Glennon*¢, H.I. Yamamura
bs2  and D.L. Nelson.2 @Dept. of Pharmacol. Toxicol., Sch. of
Pharm.,PDept. of Pharmacol., Sch. of Medicine, Univ. of Arizona,
Tucson, AZ 85721; and “Department of Pharm. Chem., Sch. of Pharm,
Med. Col. of Virginia, Virg. Commonwealth Univ Richmond VA 23298

Evidence has accumulated suggesting the functional presence of
multiple serotonin(5-HT) receptors. Ligand-binding studies have
revealed a group of high-affinity binding sites (Kd=1-4 nM) for
(®H)5-HT on rat brain membranes which this laboratory has pre-
viously differentiated into two subpopulations, based on their
differential affinities for the neuroleptic spiperone. We are
now able to report receptor discrimination using specific ana-
logues of 5-HT. The following compounds were analyzed for their
ability to inhibit the binding of [3H]5—HT to its high-affinity
sites: 5-methoxy-N,N-dimethyl tryptamine [5(MeOH)DMT], 5-methoxy-
N,N-diethyltryptamine [5(MeOH)DET], and S5-methoxy-N,N-dipropyl-
tryptamine [5(MeOH)DPT]. Radioligand-binding studies were
carried out on a washed membrane preparation from the rat cere-
bral cortex. Membranes from 10 mg of tissue were incubated in
buffer (50 mM Tris-HCl, pH 7.4; 4 mM CaCl,; 10 uM pargyline) con-
taining 2 nM [aﬂ]s-HTand varying concentrations of inhibitor.
Bound ligand was isolated by vacuum filtration, and nonspecific
binding was defined in the presence of 1 UM metergoline or 0.3
1M 5-HT. All three 5-methoxytryptamines displaced (*H)5-HT from
its binding sites in a manner consistent with the presence of
more than one type of site. The inhibition curves were shallow,
extending over more than a 10,000 fold range of concentrations
for the inhibitors and displayed Hill coefficients of less than
1.0. Non-linear regression analysis revealed that each compound
fit a two-site model. There was a correlation between their dis-
criminatory behavior and the length of the alkyl substitution.
The dissociation constants of the compounds for the high- and
low-affinity sites were as follows:

HIGH LOW
5 (MeOH)DMT 10 mM 500 nM
5 (MeOH)DET 15 nM 1000 nM
5 (MeOH)DPT 10 oM 1750 nM

" The difference in affinity between 5(MeOH)DMT and 5(MeOH)DPT was

significant (p<.05). These results further support the concept
of multiple 5-HT receptors. It is hoped that additional charac-
terization of the structural requirements for fit to these dif-
ferent sites will result in the design of more specific 5-HT ag-
onists and antagonists to aid in the elucidation of the physio-
logical significance of multiple serotonin receptors in the
brain. (ISupportedE? grants from the PMA Foundation and the Col.
Pharmacy, U. Ariz. “Recipient of an RSDA Type II #MS-0095.)

DETAILED LOCALIZATION OF 5-HYDROXYTRYPTAMINE RECEPTORS INVESTI-
GATED WITH 3H-KETANSERIN, A NEW SELECTIVE LIGAND. J.E. Leysen,
M. Verwimp®, R. GeertsX, W. Gommeren* and P.M. Laduron%.
Department of Biochemical Pharmacology, Janssen Pharmaceutica,
B-2340 Beerse, Belgium.

Ketanserin (R 41 468) is a new 5-hydroxytryptamine (5-HT) an-—
tagonist which binds primarily to 5-HT2 receptors and completely
lacks interaction with 5-HT| receptors (Leysen et al., 1981 a).
In contrast to previausly described 3H-5-HT antagonists, 3H-ke-
tanserin exclusively labels 5-HT) receptors. Its advantageous
binding properties (Leysen et al., 1981 b) renders 3H-ketanserin
particularly suitable for investigating the localization of
5-HT) receptors by im vitro and <n vivo binding. The distribu-
tion in the brain and the periphery of specific 3H-ketanserin
binding sites studied Zn vitro and Zn vivo in various species
shows that the highest receptor density occurs in the prefrontal
cortex followed by surrounding cortical areas. Other brain areas
and peripheral tissues contain only minor amounts of the recep-
tors. Using neuronal lesions and intracerebral injection tech-
niques the cellular localization and functional role of the fron-—
tal cortical 5-HT2 receptors were studied. Hemisection of the
frontal cortex by a knife cut just before the tuberculum olfac-
torium caused 20 to 30 7 reduction of the 5-HT) receptors in
the prefrontal cortex anterior to the knife cut, receptors in the
cortical areas posterior to the cut were not changed. Hence,
part of the receptors seemed to be localized on neurones projec-—
ting to the prefrontal cortex. The origin of such neurones was
examined by applging electrolesions in various brain areas and
by injection of JH-ketanserin in the prefrontal cortex to verify
retrograde axonal transport. Injection of kainic acid in the
prefrontal cortex had no noticeable effect on the 5-HT) receptor
population. The possibility exists that a number of the prefron-
tal cortical 5-HTp receptors are not located on neurones.

J.E. Leysen, F. Awouters, L. Kennis, P.M. Laduron, J. Vandenberk
and P.A.J. Janssen (1981 a). Receptor binding profile of

R 41 468, a novel antagonist at 5-HT2 receptors. Life Sci. 28,
1015-1022. -
J.E. Leysen, M. Verwimp and P. Laduron (1981 b). Receptor binding
properties of 3H-R 41 468, a selective ligand for 5-hydroxytryp-
tamine) receptors. Abstract — Eight International Congress of
Pharmacology - July 1981, Tokyo, Japan.
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TISSUE AND SPECIES DIFFERENCES IN *H-5-HYDROXYTRYPTAMINE BINDING
SITES. R.G. Schnellmann* and D.L. Nelson (SPON: B. Schneiderman
Fish). Dept. of Pharmacol. & Toxicol., Col of Pharmacy, Univ. of
Arizona, Tucson, AZ 85721.

Previous studies have identified two populatioms of high-
affinity (Kd=1-4 nM) S3H-serotonin (®H-5-hydroxytryptamine, 3H-
5-HT) binding sites in rat brain which can be distinguished on
the basis of their affinities for certain neuroleptics.** Thus,
one of these subgroups of sites gave a Kd for spiperone of 2-13
nM and the other a Kd of about 35,000 nM. The present report ex-—
tends these studies by examining spiperone-sensitive 3H-5-HT
binding sites in several different species (rabbit, guinea-pig,
and cat) and tissues (frontal cortex, hippocampus, and corpus
striatum or caudate nucleus). Saturation studies of 34-5-HT bind-
ing revealed no differences in the affinity of this ligand for
its binding sites in any of the species or tissues studied. Kd
values for rabbit, guinea-pig, cat and rat ranged from 2.4-2.9
nM. Some small differences were noted in the total number of
sites present in tissues from the different species. Examination
of spiperone inhibition of °H-5-HT binding revealed large differ-
ences between the species and tissues with ICsq values ranging
from a low of 87 nM in the guinea-pig hippocampus to 8900 nM in
the cat corpus striatum. A heterogeneity of sites was suggested
from the finding that logit-log plots of the inhibition curves
gave slopes of less than 1.0. Nonlinear regression analysis with
computerized curve fitting showed that the inhibition curves for
most of the tissues fit a two-site binding model significantly
better than a one-site model, as had been shown in the rat brain.
However, the affinities for these sites differed from those in
the rat. For example, in the guinea-pig the *H-5-HT binding site
having high affinity for spiperone gave Kd values for spiperone
in the range of 3-30 nM which were comparable to those described
for the rat, but the low-affinity sites gave Kd values which
ranged from 400-1300 nM, i.e., at least 25 times lower than the
values for the low-affinity site in the rat. Of all the brain
areas studied in the different species only 2 gave spiperone in-
hibition curves which resembeled those found in the rat. These
were cat frontal cortex and corpus striatum which gave Kd values
of 5-21 nM for the high-affinity spiperone site and 52,000 nM for
the low-affinity site. In contrast, cat hippocampus gave Kd val-
ues for the high-affinity site of 820-1400 nM which agreed with
the values found in the guinea-pig and rabbit. Thus, while the
current data agree with the concept of multiple 3H-5-HT binding
sites, the classification of these sites is more complex than
originally determined in the rat and requires further examina-
tion. (Supported by grants from the PMA Fnd. and the Col. of
Pharmacy, Univ. AZ.) **Pedigo etal, J. Neurochem.36:220-226, 1981.

SOLUBILIZATION AND PARTIAL PURIFICATION OF 3H-MIANSERIN BINDING
SITES. Betty CHAN*, Philip SEEMAN, Anne DUMERILLE-ROSS and
Bertha K. MADRAS (SPON: P. Garfinkel). Psychopharmacology
Section, Clarke Institute of Psychiatry and Department of
Pharmacology, University of Toronto, Toronto, Ontario, Canada.
The atypical antidepressant mianserin has been shown to bind
to Sy serotonin receptors in cortical tissue (Dumbrille-Ross
et al.; Peroutka and Snyder, 1981). H-Mianserin has high
affinity for the S2 site although 3H-spiperone is currently used
to identify 82 receptors in_non-dopaminergic regions. Purifi-
cation of 3H-mianserin and JH-spiperone receptive sites may
provide further evidence for their co-existence. 3H-Mianserin
receptive sites were solubilized frog canine frontal cortex,
characterized and partially purified. Binding parameters (drug
binding profiles, IC50, Kg) of the membrane and solubilized
receptor agreed closely.
R41468 was used to define specific binding.

Membrane 1950_ﬁﬂﬂl. Soluble
mianserin 1.3 £ 0.2 4 + 1
R43448 2.4 £ 0.9 8.4 + 4
R41468 57 + 15 64 + 10
metergoline 125 + 7 -
d-LSD 206 + 14 2,150 + 500
1-LSD - 35,000 + 5,000
spiperone 315 + 70 1,150
haloperidol 867 + 133 5,700 % 900
serotonin 7,000 24,000 + 2,000
tryptamine 45,000 45,000 + 15,000
histamine >100,000 >300,000
dopamine >100,000 >300,000
epinephrine >100,000 >200,000
norepinephrine >100,000 >100,000
Kg_(aM) 1.1 + 0.4 2.2 + 0.5
Bmax (fmoles/mg) 212 + 12 95 6

The receptor recovery was 457 whilst protein recovery was
41%. The solubilized receptive site, which yielded a single
component on Scatchard analysis_was prelabeled with 3H-mianserin
and partially purified. Bound ~H-mianserin separated from
unbound 3H-mianserin as a single peak on both Sephacryl S-300
columns and on isoelectric focusing columns (pI 5.03 * 0.16).
Both peaks are displaceable by R41468 (1 uM). The same
techniques are now being applied to 3H—spipetone binding sites
in the frontal cortex and a comparison of both purified prepar-
ations is in progress.
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N-ACETYLSEROTONIN BINDING IN HUMAN, CALF AND RAT BRAIN. L.P.
Niles*, G.M. Brown and R.K. Mishra*. Neuropharmacology Lab.,
Depts. Psychiatry & Neurosciences, Faculty of Health Sciences,
McMaster Univ., Hamilton, Ontario, Canada, L8N 3Z5.

Prompted by the reported presence of N-acetylserotonin (NAS)
and its synthesizing enzyme, N-acetyltransferase, in the rat
brain we have studied the binding of NAS in the mammalian CNS
in order to determine whether specific central receptors for
this N—acetylindo%ealkylamine exist. Specific binding of H-N-
acetylserotonin (“H-NAS) defined as total bound radioactivity
minus that not displaced by an excess of non-radioactive NAS was
found in synaptosomal membrane fractions from various regions of
human, calf and rat brain. Scatchard analysis of equilibrium
binding data revealed the presence of saturable high affinity
binding sites with dissociation constant (K.) values ranging
from 2-7 nM and binding site concentration (B___) of 0.3-1.25

max
pmol/mg protein. 3

Localization studies indicate that cerebellar binding of “H-
NAS exceeds that observed in other brain areas including the
hypgthalamus, hippocampus, striatum and cortex. Specific binding
of “H-NAS has also been detected in the adrenal, testis, eye and
Harderian gland. Initial digplacement data indicate that NAS is
a more potent inhibitor of “H-NAS binding than the related tryp-
tamines melatonin, serotonin (5-HT) and N-acetyltryptamine. Fur-
thermore, neither the 5-HT antagonist, methysgrgide, nor the 5-HT
agonist, quipazine are potent displacers of “H-NAS binding.

These findings.are the first evidence that specific high
affinity binding sites for NAS are present in the mammalian
brain and suggest that specific receptors for NAS may exist in
the CNS.

(This work was supported by the Ontario Mental Health Foundation)

THE ANTIDEPRESSANT RECEPTORS. A. Dumbrille-Ross®and S.W. Tang.
Psychopharmacology Section, Clarke Institute of Psychiatry,
Toronto, Ontario, Canada M5T 1R8.

In order to examine whether there is a common antidepressant
receptor to which antidepressant drugs bind, we examined the
binding characteristics of “H-imipramine (3H—IMI), 3H-des-
ipramine (3H-DMI) and 3H-mianserin (3H-MIAN) to cerebral
cortex membranes and platelets of Wistar and Fawn-Hooded (F-H)
rats under a number of conditions. [Platelets of F-H rats
have a serotonin (5HT) storage pool deficiency and display an
abnormally low accumulation of 5HT.]

Binding characteristics are listed below.

l. Binding of JH-IMI to cortex membranes was potently dis-
placed by serotonin uptake inhibitors like fluoxetine and
citalopram (ICsg about 20 nM), and displaced by high con-
centrations (IC50 2-4 uM) of serotonin Sy antagonists like
spiperone and R43 448. Binding of 3H-MIAN was potently
displaced by serotonin S; antagonists (IC50 about 40 nM)
and by high concentrations of the uptake inhibitors
(IC50 1-2 uM), showing a profile similar to that of
3H-spiperone binding.

2. Antidepressant drugs compete with very different potencies
with both 3H-IMI and JH-MIAN binding.

3. Binding of 3H-IMI but not 3H-MIAN is sodium dependent.

4. Raphé lesions abolished binding of 3H-IMI but did not alter
binding of JH-MIAN to cortex membranes.

5. 3H-IMI but not 3H-MIAN binds to platelet membranes of
Wistar rats. But 3H-IMI binds to neither platelet nor
cortical tissue of F-H rats. Binding of 3H-MIAN is similar
in the cortex of Wistar and F-H rats. (The binding of the
two antidepressants to platelets and cortex membranes will
be compared with that of other serotonergic ligands.)

6. There is no high affinity binding site demonstrable for

H-DMI in cortex membrane preparations examined under
similar conditions.

The results show that JH-IMI and 3H-MIAN label different
sites while 3H-DMI failed to bind to membrane surface receptors
with high affinity. It is unlikely that there is a "common
antidepressant receptor'" to which all antidepressants bind in
the CNS or platelets.
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THE CHARACTERISTICS OF 3H SEROTONIN BINDING IN RAT SPINAL CORD
TISSUE. P.J. Monroe¥* and D.J. Smith, Depts. of Pharmacology/
Toxicology and Anesthésiology, W.V.U.M.C., Morgantown, WV 26506.

Two distinct serotonin (5-HT) receptor subtypes have been
reported in the rat frontal cerebral cortex (Peroutka and Snyder,
Mol. Pharmacol 16, 1979). One site (5-HT] receptor) has a high
affinity for “H-5HT while the other site (5_gr receptor) binds

H-spiroperidol preferentially. In the present study the exist-
ence of a similar multiple 5-HT receptor system in rat spinal
cord tissue was examined.

A membrane fraction was prepared from either rat frontal cor-
tex or spinal cord according to the method of Peroutka & Snyder
(see reference). Binding assays for SH-SHT were carried out with
these membranes at 37°C for 20 min, using §00 pl of tissue sus-
pension (20 mg of tissue/tube), 100 ul of “H-SHT and 100 ul of
drug. Tubes for “H-spiroperidol binding contained 10 mg tissue
and were incubated for 15 min. After the incubation, the tissue
was collected on Whatman GF/B filters. The filters were then
counted in Hydromix after a 5 hour extraction.

A “H-5HT binding site could be identified in both spinal cord
and frontal cortex tissues. The ratio of specific to total bind-
ing was higher in the cortex than in the spinal cord. Values
were consistently 60-T0% and 35-L0%, respectively, when the radio-
ligand was purified, prior to its use, by high performance liquid
chromatography. Scatchard analysis of the specific “H-S5HT bind-
ing in the spinal cord gave a linear plot yielding_ a Kp of 9.4 nM
and a B max of 5.7 p moles/g. Specifically bound 3H-SHT in the
spinal cord could be displaced by unlabeled 5-HT in a similar
concentration-dependent manner as in the frontal cortex (50% dis-
placement concentration: 5 nM in spinal cord, 8 nM cortex).
Spiroperidol also displaced 3H-SHT but only at concentrations
exceeding 10 nM with an apparent 50% displacement concentration
of 4 uM. These data agree well with the results obtained by
Peroutka and Snyder. However, in contrast to their observations
in the rat frontal cortex,there appears tobe a lack of saturable

H-spiroperidol binding in rat spinal cord tissue. Total 3H-
spiroperidol binding increased linearly with increasing ligand
concentration and was not displaced by either unlabeled spiro-
peridol or 5-HT, suggesting non-specific interactions. The ef-
fectiveness of the two drugs and reletive potencies in displac-
ing 3H—spiroperidol from frontal cortex, where a saturable bind-
ing site has been shown to exist, was confirmed.

In conclusion, these results suggest the existence of a 5-HT
binding site analogus to the SHT, receptor in frontal cortex
tissue, but an apparent lack of a putative SHT2 binding site as
distinguished by 3H-spiroperidol.

Suppcrted by W.V.U. Anesthesia Research Fund.

DENERVATION SUPERSENSITIVITY OF THE BULBOSPINAL SEROTONIN SYSTEM:
5-HT)} RECEPTOR BINDING AND FUNCTIONAL DATA. Fredrick Sautter¥,
Lee-Ming Kow, Donald W. Pfaff and Frank P. Zemlan. The

Rockefeller University, N.Y., N.Y. 10021 and Dept. of Psychiatry,
University of Cincinnati College of Medicine, Cincinnati, OH
45267.

The present data demonstrate: 1) a functional denervation
supersensitivity of the spinal cord serotonin (5-HT) system,
indicated by shifts to the left of the 5-HT agonist dose-response
curves for facilitation of spinal reflexes and 2) a "supersensi-
tivity" of spinal 5-HT; receptors, indicated by increased
specific high affinity binding of 3H-5-HT after denervation.

The effects of 5-HT and alpha-noradrenaline (NA) receptor
agonists on the receptive field (RF) area and response magnitude
of spinal reflexes elicted from the lumbar dorsum were examined
from 6 hrs to 3 wks after spinal transection (Tjg) in the
rat. A dose-response related increase in reflex RF area and
response magnitude was observed after administration of the 5-HT
agonists quipazine (0,5,10 & 20 mg/kg) and 5-MeODMT (0,0.1,0.5 &
2.0 mg/kg) for all spinal reflexes examined across the entire
postoperative period, while NA agonists were without effect. An
observed shift to the left in the 5-HT agonist dose-response
curves with time after transection indicated a functional
denervation supersensitivity of the spinal 5-HT system which
could be demonstrated as soon as 1 to 2 days postoperatively.

The effect of spinal cord transection (Tjg) or sham
operation on specific 3H-5-HT  (2nM) binding to membranes
prepared from the lumbar enlargement was examined 0, 1, 2 and 7
days postoperatively. Seven days after transection 34-5-HT
binding (64.3 + 3.7 fmoles/mg protein) was elevated when compared
to the sham control group (47.1 + 2.6 fmoles/mg protein). Scat-
chard analysis (0.5 to 16 nM 3H-5-HT) revealed that the maximum
number of 3H-5-HT binding sites (Bpnax) was significantly
greater (p<0.0l1) 7 days after transection while no change in the
apparent 5-HT receptor affinity constant (Kp) was found (tran-
sected: Bp,y, = 199 + 19 fmoles/mg protein, Kp = 2.2 + 0.2
nM, sham: Bp,y = 107 + 15 fmoles/mg protein, Kp = 1.2 +
0.2 nM for 4 experiments performed in triplicate).

The present data suggest that the functional supersensitivity
observed 7 or more days after denervation may have been due to an
increase in the number of spinal 5-HT receptors, while the
functional supersensitivity found beforehand was probably due to
presynaptic mechanisms altered by axotomy.

Supported by the Pharmaceutical Manufacturers Association
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EFFECTS OF CHRONIC AMPHETAMINE TREATMENT ON SEROTONIN RECEPTORS.

G. Battaglia*and M. Titeler (SPON: J. Khanna). Dept. of Pharmacol.

University of Toronto, Toronto, Ontario MS5S 1A8.

Recent evidence has shown potent effects of chronic ampheta-
mine treatment on the serotonergic  systems of the brain (1).
Meanwhile, 3H-serotonin (S1 receptors) and 3H-spiperone (S2
receptors) have been found to label distinct serotonergic
receptor sites in rat brain (2). We decided to investigate the
effects of chronic amphetamine treatment on serotonin receptors
in rat brain to see if chronic treatment with this drug results
in changes in the number or the pharmacological properties of
these receptors.

Treated and untreated (control) rats were housed separately
and fed ad libitum. Treated rats were given 5 mg/kg/day ampheta-
mine sulphate in their drinking water. After six weeks the
rats were decapitated and their cortices and caudates dissected.
The caudates were prepared and assayed for dopamine receptors
as previously described (3). The cortices were prepared and
assayed for serotonin receptors as previously described (4).

Table 1
Control Treated
s Kp (M) Bmax (fmol/mg) EB Bmax (fmol/mg)
H-ser 0.91+ .09 129%10 (n=8) 1.3+.18 137+ 7 (n=11)
(cortex)
3H-spip 1.2 +.12 347 % 38 (n=8) 1.1+.13 238+ 25 (n=11)
(cortex)
3H—spip 0.1 .01 411%*26 (n=15) .07£.007 327+ 14 (n=15)
(caudate)

There were no significant differences between 3H-serotonin
binding in treated and untreated rat cortices, whereas there
was 4 31% decrease in SH-spiperone binding. In the caudate
3H-spiperone binding was reduced by 20%.

These preliminary results are being extended to varying
dosages of amphetamine and to examining the reversibility
of the neurochemical effects of chronic amphetamine treatment.
This work was supported by a grant from the Hospital for Sick
Children Foundation.'

1. Trulson, M.E. § Jacobs, B.L. 1979, Science 205, 1295-1297.
2. Peroutka, S.J. & Snyder, S.H. 1979, Mol. Pharmacol. 16,

687-689.

3. Titeler, M., Weinreich, P., Sinclair & Seeman, P. 1978,

P.N.A.S. 75, 1153-1156.

4. Nelson, D.L., Herbert, A., Bourgoin, S., Glowinski, J.

& Harin, M. 1978, Mol. Pharmacol. 14, 987-995.

SEROTONIN RECEPTORS IN ESTROGEN CONCENTRATING BRAIN NUCLEI AND
THEIR MODULATION BY ESTRADIOL. C.T.Fischette, A.Biegon* and
B.S.McEwen. Rockefeller University, New York, New York 10021

Serotonin (5-HT) receptors have been shown to fluctuate over
the estrous cycle in the basal forebrain in intact cycling female
rats(Biegon et.al., Brain Res.,187:221,1980). In order to
localize the effect of estradiol on these receptors, we have dev-
eloped a microassay for 5-HT receptor binding in individual
brain nuclei. For each of 5 experiments 3 ovariectomized rats
were given sesame oil and 3 were given 10ug estradiol benzoate
(EB)sc. for 2 days; they were sacrificed 48h after the last in-
jection. Nuclei were removed from frozen 300pm thick coronal
sections according to the method of Palkovits et. al.(Brain Res.,
77;137,1974) and pooled. Previously described assay procedures
(Biegon et.al.,1980) were modified for small samples. Following
incubation of the hamogenates in 50mM,Tris buffer at 37YC, 300u1
Tris buffer containing pargyline (107 ™M) and ascorbate (0.02%)
were added to the hamogenates and incubated again for 10min; then,
100p1,aliquots were assayed in a final volume of 0.3ml containing
2nM  “H-5HT, with 1pM cold 5-HT used to estimate nonspecific
binding. Saturation experiments under these conditions exhibited
Kd(1.6nM) and Bmax(170fm/mg pro.) values similar to those pre-
viously reported. Binding was linearly dependent on protein
concentration from 10-100pg protein.

Moderate to high levels of 5-HT receptor binding were found in
all of the estrogen concentrating areas sampled. EB treatment
produced a significant (35-50%) increase in 5-HT receptor binding
in the preoptic area, lateral septum and arcuate nucleus-median
eminence. Non-significant increases were observed in the bed
nucleus of the stria terminalis and anterior hypothalamic nucleus.
No change was observed in the ventromedial nucleus or cortico-
medial amygdala. Overall levels of 5-HT receptor binding that
were insensitive to EB treatment were very high in the dorsal
raphe and substantia nigra, and very low in the ventral thalamus
and cerebellum,

The distribution of 5-HT receptors is in agreement with the
results obtained by autoradiography (Biegon et.al., this meeting;
Meibach et.al., Soc. for Neuroscience, 6:357, 1980). We conclude
that EB causes an increase in 5-HT receptor binding in some but
not all brain regions which contain estrogen receptors. The
specific anatomical localization of the effect may be related to
the specific roles of these nuclei in the control of ovulation
and/or estrogen-mediated behaviors in the female rat. (Supported
by PHS NIH AM06122(CF), Weizmann Postdoctoral Fellowship(AB) and
NIH NS 07080(BMc). An institutional grant was also obtained from
the Rockefeller Foundation, RF 70095.

6.10 SEROTONIN RECEPTOR LOCALIZATION BY AUTORADIOGRAPHY: QUANTITATIVE

ANALYSIS AND THE EFFECT OF STEROID HORMONES. A. Biegon*, T.C.
Rainbow and B.S. McEwen, Rockefeller University, New York NY 10021
A modification of the method of Young and Kuhar (Eur. J. Phar-

macol. 62:237, 1980) was used to obtain a quantitative analysis
of the density of 5HT receptors in rat brain nuclei prior to a
study of the effects of steroid hormones on these receptors. Coro-
nal cryostat sections were incubated with 2nM 3H-5HT and placed
against tritium sensitive LKB film in the dark for 2 months. The
resulting images were analyzed by a densitometer (Rainbow et al.,
J. Neurosci. Methods, in press) and also subjected to color-en-
hanced computer analysis. The highest concentrations of 5HT re-
ceptor (densitometer readings > 10 units) were found in the an-
terior hippocampus, subiculum and dentate gyrus, dorsal raphe
and the substantia nigra. High values (6-9 density units) were
found in the globus pallidus, lateral preoptic area, hippocampal
field CAl and the interpeduncular nucleus. Moderate levels (3-5
units) were found in the nucleus accumbens, medial amygdala, cor-
tical amygdala, arcuate nucleus, bed nucleus of the stria termi-
nalis, olfactory tubercle, superior colliculus, central grey,
layer 4 of the cortex, ventromedial and dorsomedial hypothalamus,
dorsal tegmental nucleus, n. locus ceruleus and thalamic n. para-
fascicularis. Low levels (1-3 units) were observed in the cingu-
late cortex, caudate nucleus, medial habenula, medial preoptic n.,
median raphe and medial septum. Very low levels were found in
hippocampal field CA3, cerebellum, most of the thalamus and all
white matter. These data mostly confirm and extend previous re-
ports (Meibach et al., Soc. Neurosci. Abst. 6:357, 1980; Young
and Kuhar, cited above).” It is noteworthy that most of the brain
regions known to concentrate steroids have moderate to high lewels
of 5HT receptors, and this raises the possibility of an interre-
lationship between these systems. Thus we are studying the effect
of corticosterone on hippocampal 5HT receptors in adrenalectamized
rats and the effect of estrogen on 5HT receptors in ovariectomizd
(OVX) rats. Estradiol benzoate (10ug/day) was injected twice and
rats were killed 48h after the second injection; OVX controls re-
ceived sesame 0il vehicle. Estrogen treatment produced an increase
in 5HT binding in several estrogen concentrating nuclei: e.g.,
arcuate nucleus (Control: 3.8#0.2 density units; Estrogen:4.9:0.3
lateral preoptic area near bed nucleus of stria terminalis: 6.2

+ 0.4 vs 7.5+0.3; and ventrolateral septum: 6.4+0.4 vs 9.8:0.4).
No change was observed in cortex, caudate, or dorsal raphe nuc-
leus. These results are similar to results of in vitro 3H 5HT bin-
ding measurements on homogenates (Fischette et al., This Meeting).
Grant support: NS07080 (BMc), Rockefeller Foundation (RF70095);
and by NIMH, MHO08055 (TCR) and C. Weizmann (AB) postdoctoral
fellowships.
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BRAIN Dy DOPAMINE RECEPTORS: PARTIAL PURIFICATION. Leslie
LILLY*, Alan DAVIS, Bertha K. MADRAS, Claire M. FRASER,

J. Craig VENTER* and Philip SEEMAN (SPON: P. Brawley).
Department of Pharmacology, University of Toronto, Toronto,
Canada; Psychopharmacology Section, Clarke Institute of
Psychiatry, Toronto; and State University New York at Buffalo,
New York, U.S.A.

We used gel chromatography and isoelectric focusing to
purify the Dy dopamine receptors from canine brain striatum.
The membrane fraction of the tissue was solubilized in 1%
digitonin in phosphate buffer, and the receptors labelled
with 4 nM 3H—spiperone. The specific binding was defined
as that displaced by 1 uM (+)-butaclamol. The purified pre-
paration was characterized (Madras et al., Soc. Neurosci.
Abstr., 1981) and used to raise monoclonal antibodies (Davis
et al., Soc. Neurosci. Abstr., 1981).

a. Sephacryl S-300 was used to partly purify the Dy dopamine
receptors. Soluble material, incubated in 4 nM 3H-spiperone
and added to a column pre-equilibrated in a phosphate-Triton
buffer system, eluted at a volume corresponding to a MW

of 220,000 daltons and a Stokes radius of 5.8 nm (N=3).

Of the specifically bound fmoles spiperone added to the column,
17 = 3% were recovered in the peak fraction of the effluent.

" Concentration of this peak, followed by assay, showed that

3H—spiperone binding was 100% specific in that peak.
b. Using preparative column isoelectric focusing, we focused
unlabeled material and assayed each fraction for the presence
of Dy receptors using Sephadex G-50 mini-columns or a poly-
ethylene glycol precipitation method (Chan et al., submitted).
c. We also focused material prelabeled with 4 nM éH-spiperone
alone and in the presence of 1 uM (+)-butaclamol. D2 receptors
were detected by radioactivity in the effluent.

Two peaks of bound 3H—spiperone were obtained in the effluent,
with isoelectric points (pI) of 4.93 * 0.11 (N=13) and
7.76 £ 0.11 (N=9). These peaks were stereoselectively dis-
placed by 1 uM (+)-butaclamol. The peak at 4.9 was always
associated with the presence of a visible protein precipitate
within the column. (Free 3H-spiperone had a pI value of 11.1).
The pH 7.8 fraction represented a 40-fold purification of the
Dy receptors. [Supported by The Medical Research Council
of Canada (to PS) grants AHA 79688 and HL 21239 (Nat. Inst.
of Health; to CMF & JCV), and NATO/SRC U.K. Fellowship (to AD).]

MONOCLONAL ANTIBODIES TO PARTIALLY PURIFIED D2 DOPAMINE
RECEPTORS. Alan DAVIS, Claire M. FRASER*, Leslie LILLY¥,
Bertha K. MADRAS, J. Craig VENTER* and Philip SEEMAN.
Department of Pharmacology, University of Toronto, Canada

M5S 1A8; Psychopharmacology Section, Clarke Institute of
Psychiatry, Toronto; and State University New York at Buffalo,
New York, U.S.A.

Dy dopamine receptors were partially purified and character—
ized from canine brain striatum by isoelectric focusing (Lilly
et al., Madras et al., Neurosci. Abstr., 1981) and used to
raise antibodies in mice. Balb/C mice were immunized with a
solubilized fraction which was 40-fold enriched in Dy receptors
and which had an isocelectric point of 7.76. After a booster
injection, splenic cells from the immunized mice were fused
with mouse myeloma SP/0-Aglé4 cells, using the method of Fraser
and Venter (Proc. Nat. Acad. Sci. 77, 7034-7038, 1980).

Spleen and myeloma cells were fused using warm polyethylene
glycol 1000. Unfused cells were eliminated by means of
selective media, and the fused cells (hybridomas) were grown
in 96-well plates. The culture media of active hybridomas
were then screened for the presence of antibody to the Dy
dopamine receptor. Membrane preparations of the Dy receptor
were incubated with the culture medium for 18 hr, followed
by the addition of 4 nM “H-spiperone. Specific binding of
3H—spiperone was defined as that displaced by excess
(+)-butaclamol. The medium of one hybridoma (D2D3) markedly
inhibited specific binding in a concentration-dependent manner.

The hybridoma medium was also screened for its ability
to precipitate soluble receptors, using an indirect immuno-
precipitation assay. Samples of culture media were incubated
with aliquots of digitonin-solubilized receptors for 18 hr,
and the receptor-antibody complexes were then precipitated
with an excess of rabbit anti-mouse IgG. The supernatant
was then assayed for remaining soluble Dy dopamine receptors,
using 4 nM 3H—spiperone and Sephadex G-50 mini-columns.

The culture medium from one hybridoma (designated D1D3)
effectively precipitated soluble D) receptors in a concentration-
dependent fashion. At a 1:4 dilution of the DID3 culture

medium, 18.0 * 3.2 fmoles (N=3) of Dy dopamine receptors

were specifically precipitated. [Supported by The Medical
Research Council of Canada (to PS), grant AHA 79688 and HL

21239 (Nat. Inst. of Health; to CMF & JCV), and NATO/SRC

U.K. Fellowship (to AD).]
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PARTIALLY PURIFIED DOPAMINE/NEUROLEPTIC RECEPTORS (D7-TYPE).
Bertha K. MADRAS, A. DAVIS, Leslie LILLY, Claire FRASER,
Craig VENTER, Philip SEEMAN. Psychopharmacology Section, Clarke

Institute of Psychiatry, Department of Pharmacology, University
of Toronto, Toronto, Ontario, Canada; and State University
New York at Buffalo, New York, U.S.A.

Solubilized dopamine/neuroleptic receptors (D2) of canine
caudate are stable at 0°C and retain the binding properties of
the membrane receptor. Prelabelled (3H—spiperone) soluble
receptors were separated by isoelectric focusing into a bound
3H-spiperone fraction (displaceable with (+)-butaclamol) and an
unbound “H-spiperone peak (Lilly et al., Soc. Neurosci. Abstr.,
1981). This purified preparation was usedto raise monoclonal
antibodies (Davis et al., Soc. Neurosci. Abstr., 1981).

Pharmacological characterization of the bound 3H—spiperone
peak confirmed that this fraction was the neuroleptic receptor.

Prelabeled soluble receptors were eluted from isoelectric
focusing columns as a single peak with a pI of 6.4 * 0.2. The
fractions containing radiocactivity were dialyzed overnight and
re-labeled with 3H—spiperone (4 nM) in the presence or absence of
neuroleptic drugs and dopamine agonists. The recovery of
specific - but not total - binding was greater than 82%.
1Cs0_(aM)

Soluble Purified
Spiperone 3.5 2 2.3 £ 1.3
(+)-Butaclamol 4.6 1 8.0 + 1.7
Fluphenazine 4.2 £ 1.2 10 £ 0.5
Haloperidol 40 8 58 6
Chlorpromazine 145 *+ 15 197 * 36
(-)-Butaclamol ~10,000 ~10,000
Dopamine 5,000 + 1800 100,,00%
Apomorphine 1,650 * 570 3,800 * 450
ADTN 950 + 280 -
Norepinephrine >100,000 >100,000
Serotonin >100,000 >100,000

*20% inhibition

The affinity, rank order of potencies of neuroleptics, and
stereoselectivity of the site were retained during the focusing
procedure.

The reduced affinity of the purified receptor for dopamine
could be a consequence of (1) dialysis or buffer conditions;
(2) conformational change in the binding site; (3) removal of a
dopamine binding cofactor; (4) separation of neuroleptic and
dopamine binding sites. These possibilities are being explored.

D3 AND D, DOPAMINERGIC BINDING SITES DETECTED BY 3H-ADTN.
Stephen J. LIST and Philip SEEMAN (SPON: Y. Israel). Dept. of
Pharmacology, Univ. of Toronto, Toronto, Canada M5S 1A8.

The D3 binding site is characterized by its high-affinity for

H-dopamine (Kp = 2 nM) and its low-affinity (200-50,000 nM) for
neuroleptics. The D3 site is also detected by 3H—apomorphine,
but less selectively. We now report that 3H-ADTN detects both
the D3 site and another site which we call Dy. 3

The specific binding to rat striatum of 0.8 nM “H-ADIN (de-
fined as that inhibited by 1 uM apomorphine) was approximately
60% of total binding. ADTN, apomorphine and dopamine showed
monophasic competition curves with IC5g values of 3.5 nM, 4.0 nM
and 10 nM, respectively. Neuroleptics competed for 3H-ADTN
binding with both high- and low-affinity components: spiperone
competed for 50% of the specific binding between 0.01 nM and
5.0 nM, and competed for the remaining specific binding between
100 nM and 10,000 nM. Thus, 3H-ADTN detected two sites, one
with high-affinity and the other with low-affinity for neurolep-
tics. The high-affinity neuroleptic site was defined as that
displaceable by 30 nM spiperone: the low-affinity site (measured
in the presence of 30 nM spiperone) was defined as that displace-
able by 1 uM apomorphine.

The density (Bmax) of the D3 site (low-affinity for neurolep-
tics) was 70 fmoles/mg protein, and that for the D; sites (high-
affinity for neuroleptics) was 90 fmoles/mg protein; the Kp
values were both 2 nM.

ICSO (nM)
D3 Site D3 Site Dy Site
34-dopamine  3H-ADTN 35-ADTN
ADTN 1.5 - 4.0
Apomorphine 3.5 3.0 5.0
Dopamine 5.0 3.0 17.0
Haloperidol 200 250 15
Bromocryptine 400 200 10
Chlorpromazine 700 1,600 40
Spiperone 1,500 4,000 0.15
Sulpiride 50,000 - 5.0

The table indicates that the Dj 3H—ADTN binding site is the
same as that detected by 3H-dopamine. The D& site detected by
3H-ADTN has a distinct pharmacology characterized by its high
affinity for both dopamine agonists and neuroleptics.
(Supported by the Medical Research Council of Canada and the
Ontario Mental Health Foundation.)
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3H—NPA LABELS A SUBSET OF D,-DOPAMINE RECEPTORS IN CALF AND

RAT BRAIN. M. Titeler and G. Battaglia’ pepartment of Pharmaco-
logy, University of Toronto, Toronto, Ontario M5S 1A8.

In using 3H-spiperone to label Dy-dopamine receptors evidence
has accumulated for the existence of the labelling of multiple
dopaminergic sites (1,2). Most notably, catecholamines compete
for specific °H-spiperone binding in caudate homogenates with
very shallow slopes, while ergots and neuroleptics compete for
this binding with steep slopes (1,2). N-propyl-apomorphine shows
a very high affinity and a low-affinity component of competition
for specific SH-spiperone binding. When 3H-NPA is used to _
label sites in caudate tissue at very low concentrations (10 ~ M)
it clearly labels a site for which neuroleptics and catechola-
mines can compete with high affinity and steep slopes (see
table 1). Scatchard analysis in calf tissue indicates that the
3H-NPA binding to high affinity neuroleptic sites has a Bpax of
120 fmol/mg, while the Bpax of 3H—spiperone binding in the same
tissue was 380 fmol/mg. Thus SH-NPA 1abels a sub-set of high
affinity neuroleptic-dopamine receptors, while 3H-spiperone
labels two sites, both of which have high affinity for neuro-
leptics and one of which has a high affinity for catecholamines
and one of which has a low affinity for catecholamines. We
are currently pursuing investigations designed to determine
whether these are two distinct dopamine receptors or two states
of a single receptor. Sibley and Creese have recently reached
similar conclusions about D2 dopamine receptors in the pitui-

tary (3). 1C, vs. 1071 Shonpa

Drug Calf (M)_9 Rat (M)
(+) -Butaclamol 4.1 x 10_10 11
Spiperone 1.6 x 10_9 4 x 10
Haloperidol 1.8 x 10_8 -9
Sulpiride 9.5 x 10_10 1.6 x 10_10
Dopamine 3 x 10_10 4.8 x 10 10
NPA 3 x 10_9 2.5x1
ADTN 1.9 x 10 g

Apomorphine 1.4 x 10
1. Burt, D.R., Creese, I., Snyder, S.H., 1976, Mol. Pharmacol.

12, 800-812.

2. Titeler, M., Weinreich, P., Sinclair, P., Seeman, P.,
1978, P.N.A.S. 75, 1153-1156. R

3. Sibley, D.R. and Creese, I., 1980, Eur. J. Pharmacol. 65,
131-133.

3H-SPIROPERXDOL BINDING TO HUMAN CAUDATE: SPECIES VARIATION

IN SITE NUMBER, AFFINITY, DENSITY AND SELECTIVITY. L.H. Matt*,
J.D. Reimnitz*, M.E. Maguire, A.C. Andorn*. Depts. of Psychiat.
and Pharmacol. Case Western Reserve Univ. Schl. of Med.,

C]ege. OH 44106.

H-Spiroperidol binds specifically to homogenates of human
caudate, obtained from normal brains less than 16 hours post-
mortem, and prepared according to published methods (Andorn
and Maguire,_J. Neurochem., 35, 1105-1113, 1980). This high
affinity binding is saturable, reversible, stereoselective with
regard to (+) and (-) butaclamol, linear with regard to defined
protein concentrations, and apparently occurs at multiple sites
of Timited density. Association is biphasic and rapid, with
rates consistent with sites of Ky <nM. Equilibrium is achieved
by 20 min. Dissociation initiated at 30 min. by excess
haloperidol is biphasic; approximate t are 2.0 and 17 min.
These rates are again consistent with s4%es of KpgnM.
Equilibrium saturation analyses show at least two sets of sites.
The Kpapp are 20 +/- 10 pM and 260 +/- 80 pM, while the
respective Bma are 90 +/- 10 and 100 +/- 10 fmol/mg protein.
The Kp 20 pM'sites are selective for monoaminergic agonists:
with serotonin (5HT) > dopamine (DA) > (-)-norepinephrine (NE).
The KD 260 pM sites are also selective for these agents but
with "DA>>5HTy (-)NE. This selectivity is consistent with
a dopamine receptor. In fact, the selectivity of these Kp
260 pM sites is the same as we have observed at rat striatal
sites having Ky 20 pM. These findings contrast with previous
reports of H-gpiroperidol binding in caudate of other mammals.
Whether site homogeneity or multiplicity has been shown, the
highest affinity site demonstrated has had a selectivity
consistent with a dopaminergic receptor, unlike these present
observation sin human caudate. These findings suggest that
antipsychotic 1igand binding site properties may vary
between species of the same phylogenetic class.

7.6 CHARACTERIZATION OF DOPAMINERGIC BINDING SITES IN THE CYTOSOL

7.8

FRACTION OF THE STEER ANTERIOR PITUITARY. Andrea S. Weisman¥,
Robert W. Kuhn* and Richard I. Weiner. Reproductive Endocrinology
Center, Univ. of CA School of Medicine, San Francisco, CA 94143.
We have recently shown the presence of high affinity, stereo-
selective dopamine (DA) binding sites in the cytosol fraction of
steer anterior pituitary (AP) homogenates (Kerdelhue et al, Endo-
crinology, 109, in press). We have further characterized these
sites by sucrose density sedimentation, gel filtration, salt pre-
cipitation, reaction with N-ethylmaleimide (NEM) and enzymatic di-
gestion. Cytosol was prepared for binding studies by homogenizing
steer AP in buffer (15 mM Tris, 1 mM EDTA, 0.01 mM Bacitracin, pH
7.4) containing 304 mM sucrose_and centrifuging for 1 hr at
145,000 x g and 49C. Specific “H-Spiperone (3H-SPIP) binding was
defined as the counts displaced by 10-6 M d-butaclamol. Initial
experiments showed that the separation of bound from free ligand
by gel filtration on Sephadex G-25 or by charcoal adsorption,
gave essentially identical values for the Kq (0.26 vs 0.29 nM) and
Bmax (9.1 and 11.9 fmole/mg protein). Because of its rapidity and
accuracy, the charcoal assay was used in subsequent studies. The
3H-SPIP binding site was found to be precipitable by 40% satura-
tion with ammonium sulfate. Following this partial purification
and concentration, the binding sites were analyzed by sucrose den—
sity sedimentation and gel filtration. The binding site sedimented
as a 6 S molecule and was slightly retained by a Sephacryl S-200
column. These results are consistent with a soluble molecule hav-
ing a molecular weight in excess of 200,000 daltons. The require-
ment for a free sulfhydryl group for ligand binding was shown by
sensitivity to treatment with NEM: 20 mM NEM eliminated 747% of
specific binding while 100 mM completely eliminated specific bind-
ing. Incubation for 1 hr at 370C with Viokase (0.5 mg/ml), Pronase
(0.5 mg/ml), or trypsin (0.3 mg/ml) decreased specific binding by
94%, 58%, and 27% respectively, while incubation with DNAse (1 mg/
ml) and RNAse (1 mg/ml) were without effect. It thus appears that
the DA binding site is a large protein which requires a free sulf-
hydryl group for binding. The presence of the cytosol receptor
does not appear to be due to mechanical disruption of membrane re-
ceptors since it is not present in the cytosol fraction from cau-
date nucleus homogenates, and rehomogenization of the microsomal
fractions of the AP does not result in the extraction of addition-
al soluble sites. These sites could result from internalization of
membrane receptors, de novo synthesis prior to incorporation into
the membrane, or an additional class of sites involved in an in-
tracellular site of action of DA.
This work is supported by NIH HD 08924 and the Mellon Foundation.

EVIDENCE FOR DIRECT DOPAMINE RECEPTOR EFFECTS BY AMANTADINE.
R.M. Allen. Psychiatry Research Unit, Department of Psychiatry,
Louisiana State University Medical Center, Shreveport, LA 71130.
Amantadine has been shown to prevent haloperidol-induced
dopamine (DA) receptor hypersensitivity in the rat striatum
using a stereotyped behavior model (Allen, et al, Biol. Psychi-
atry 14:541), direct receptor binding techniques (ATTen, et al,
Eur. J. Pharmacol. 65:313), without apparent effect in the
mesoTimbic DA system (Allen, et al, Soc. for Neurosci. Abstracts
6). Previous behavioral work has demonstrated that amantadine
blocks amphetamine-induced excitability (Clark, et al, Proc. Soc.
for Exp. Biol. and Medicine 151:434), blocks amphetamine or
apomorphine-induced stereotypy (Schneiden, et al, Eur. J.
Pharmacol. 39:133), and inhibits neuroleptic-induced catalepsy
(Maj, et al, Psychopharmacologia 24:296). It has been shown to
depress cortical DA neuron firing when applied microiontophoreti-
cally (Stone, Br. J. Pharmacology 56:101). These results
indicate a direct receptor effect. In this study, direct dis-
placing effects on [3H§-spiroperidol and ADTN were examined.
Pooled rat striatum crude membrane preparation was used as the
study substrate. The radioreceptor assays were performed in a
Tris-salt-EDTA buffer system as described by Leysen, et al (J.
Neurochem. 36:201). Scatchard analysis of [3H]-spiroperidol was
performed using 10-5 (+) butaclamol (But) or 10-2 amantadine (AM)
as displacing agents. Amantadine displaced 32% of specifically
bound spiroperidol (Bmax = 90 fmol/mg protein) compared to (+)
But (Bmax = 281 fmol/mg protein) with only slighly differing
affinity (Kp with AM 111 pM, (+) But 188 pM). Hill plot analysis
revealed a Hill coefficient of 0.95 for AM and 1.01 for (+) But.
The ICs5g for (+) But using 300 pM [3H]-spiroperidol was 5 nM,
for AM, 10 nM. Using similar conditions except for incubation
temperature and time (25°C, 20 min), Scatchard analysis of
[3H§-ADTN was performed with apomorphine_and amantadine. 10-5
amantadine displaced 1.4 times as much [3H]—ADTN (Bmax = 1276
fmo1/mg) as 10-5 apomorphine (Bmax = 743 fmol/mg) but with almost
half the affinity (KD AM = 4.8 nM, Kp APO = 2.6?. Both AM and
APO had Hi1l coefficient of 0.9. These preliminary results
indicate that amantadine has direct receptor effects on both
antagonist and agonist receptor sites which may explain its
effects on neuroleptic-induced behavioral effects and its
greater usefulness in neuroleptic-induced extrapyramidal side
effects than idiopathic Parkison's disease. Further studies on
agonist binding effects and speculation about its possible
mechanism of action will be presented.
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CHARACTERIZATION OF 3H-ADTN BINDING SITES IN DOG RENAL
CORTEX AND THEIR SENSITIVITY TO REDUCING AGENTS. C.K. Scott*

and C. VanderWende (SPON: A. Feldstein). College of Phar-
macy, Rxgggrs, The State University, Box 789, Piscataway, New
Jersey 54

There has been much evidence to support the existence of a
peripheral dopamine receptor located in the kidney which is
responsible for renal vasodilation and subsequent increase in
renal blood flow. We e identified this receptor utilizing
the dopamine agonist -ZH-ADIN, in membrane preparations of
canine renal cortex. JH-ADIN binding displays all of the
necessary criteria for specific receptor interaction in that
it is linear over a given protein concentration, is satur-
able, and displays appropriate kinetics, (Kd ~5mM). The re-
ceptor displays the appropriate pharmacological specificity
for the dopamine agonists: dopamine, 6,7-ADIN, apomorphine
and epinine. In addition, the receptor shows a marked
sensitivity to a number of reducing agents such as ascorbic
acid, sodium metabisulfite and dithiothreitol. Evaluation of
saturation kinetics and subsequent scatchard analysis in the
presence of 0.17 ascorbic acid, a concentration routinely
used in dopamine binding assays, demonstrates a marked
reduction in the number of binding sites with no effect on
the dissociation constant.

These data indicate that the 3H-ADIN binding site in
canine cortex membranes may represent the proposed peripheral
dopamine receptor and that this receptor may be similar _to
the receptor in the brain in regard to the kinetics of 3H-
ADIN binding and sensitivity to reducing agents.

INCREASED STEREOSPECIFIC DOPAMINE RECEPTOR BINDING AFTER REMOVAL
OF ENDOGENOUS DOPAMINE FROM RAT BRAIN REGIONS. N.G. Bacopoulos,
T.L. Miller * and P.L. Ware *. Departments of Pharmacology and
Psychiatry, Dartmouth Medical School, Hanover, NH, 03755.
Endogenous dopamine contaminating radioreceptor binding assays
can seriously interfere with the measurement of stereospecific
3H-dopamine (3H-DA) and 3H-apomorphine (3H-APQ) binding sites
in particulate fractions of rat caudate nucleus (CN) or mesolim-
bic brain regions. Binding was measured with 0.2-15.0 nM 3H-DA
or 3H-APO (40-41 Ci/mmole, New England Nuclear) and 0.2 mg tis-
sue protein in a final volume of 1.0 ml containing 20 mM Tris-
HC1 buffer, pH 7.4, 1.1 mM ascorbic acid 5.0 mM EDTA-4Na, 1.1 mM
ascorbic acid and 15 uM pargyline. After a 30 min incubation at
230 C, samples were passed through GF/B filters under suction.
Radioactivity on the filters was measured with 10 ml 3% Protosol-
Econofluor (New England Nuclear) 24 hr later. Nonspecific bin-
ding was measured with 10 uM d-butaclamol. Endogenous dopamine
was measured radioenzymatically in perchloric acid extracts of
tissue suspensions used in the binding assay. The method of tis-
sue preparation had significant effects on residual dopamine con-
tent and on the stereospecific binding sites of 3H-DA or 3H-APO.
Successive "washes" (centrifugations and resuspensions of the
20,000 X g total particulate pellet in 20 mM Tris-HC1 buffer, pH
7.4) of the crude homogenate reduced dopamine content and increa-
sed the number of binding sites of both radioligands proportiona-
tely. Preincubation of the tissue suspension at 370 C for 15 min
resulted in an additional reduction in endogenous dopamine con-
tent and a 2-3 fold increase in stereospecific binding. This was
due to an increase in the total binding rather than a reduction
in the nonspecific binding. In preincubated tissue suspensions,
the stereospecific binding sites of 3H-DA or 3H-APO were satura-
ble, with a Bmax of 250-300 fmoles/mg protein in the CN and 2/3
that value in the mesolimbic region. The Kd of 3H-APO in the CN
was 1.1-1.6 nM and of 3H-DA 0.8-1.3 nM. Values shown are the
range of 4 experiments. Subfractionation studies revealed that
the crude synaptosomal pellet contained most of the saturable
stereospecific sites of the two radioligands, but in this tissue
preparation preincubation was again necessary for the removal of
the majority of endogenous dopamine. It appears that the portion
of endogenous dopamine that is removed by preincubation at 370 C
may be bound to dopamine receptors, therefore its removal is es-
sential for the accurate measurement of dopamine receptors with
3H-agonists. Supported by PHS research grant MH33958-01.

7.10 DOPAMINE RECEPTORS, AMPHETAMINE RESPONSE, AND HYPERKINETIC

SYNDROME. Daiga Helmeste and Philip Seeman. Dept. of Pharmacology,
University of Toronto, Toronto, Canada M5S 1A8.

In order to examine the potential relation between the den-
sity of dopamine receptors (D, type) and the behavioural
response to amphetamine, the Sensities (Bmax) of brain region
dopamine receptors in eight strains of mice were measured using
3H-spiperone (0.05 to 2 nM).

The mice with high densities of D2 receptors in the striatum
and olfactory tubercle (C3H/HeJ, CD-1, BALB/cJ and A/J) had
Bmax values 15 to 25% higher than the low-density mice (CBA/J,
C57BL/6J, SEC/IReJ and DBA/2J). The Kp values were not signi-
ficantly different between the two groups.

Locomotor activity after 0.5, 1.0 or 5.0 mg/kg i.p. d-ampheta-
mine - sulphate was qualitatively different depending on whether
the strain had high or low Dy receptor density. The inbred
strains (C3H/HeJ, BALB/cJ, A/J) with high Dy density decreased
their activity after 0.5 to 1.0 mg/kg amphetamine. The low-
density mice either increased or showed no change in locomotor
activity after 0.5 to 1.0 mg/kg amphetamine. All strains showed
increased locomotion after 5.0 mg/kg amphetamine (compared to
vehicle-injected controls).

The high density of Dy receptors may reflect a functionally
overactive dopamine system in those mice who responded to
amphetamine with hypolocomotion. This qualitative difference in
behavioural response to amphetamine is similar to that found in
hyperkinetic children, with some children being good responders
and others being non-responders to equivalent doses of ampheta-
mine.

(This work was supported by the Hospital for Sick Children
Foundation, the Ontario Mental Health Foundation and the Medical
Research Council of Canada.)

7.12 THE DOPAMINE RECEPTOR IN THE INTERMEDIATE LOBE OF THE RAT PITUI-

TARY GLAND IS NEGATIVELY COUPLED TO ADENYLATE CYCLASE.
H. Meunier* and F. Labrie* (SPON: C. Radouco-Thomas), MRC Group
in Molecular Endocrinology, CHUL, Québec, Canada GlV 4G2.

The predominant role of dopamine (DA) in normal brain func-
tion, as well as in diseases such as schizophrenia and Parkin-
son's disease, has been strong stimulus for research on the DA
receptor and its mechanism of action. Functionally, the best
known action of the DA receptor is its stimulatory effect on ade-
nylate cyclase activity. However, the heterogeneity of brain
tissue complicates the analysis of DA action in central nervous
system. The intermediate lobe of the rat pituitary gland is a
pure population of cells specialized in the secretion of peptides
derived from proopiocortin. We have taken advantage of this sys-
tem to study the interactions of the DA receptor with adenylate
cyclase using a series of agonists and antagonists of known phar-
macological activity in pars intermedia cells in primary culture.
DA agents inhibit cyclic AMP (cAMP) accumulation with the
following order of potency (Kq): 2-bromo-a-ergocryptine (0.20 nM)
> pergolide (0.27 nM) 2 dihydroergocryptine (0.5 nM) > apomor-
phine (1.5 nM) > DA (5.0 nM) > (-)norepinephrine (30 nM) > (-)
epinephrine (50 nM). Propranolol (100 nM) was present during
incubations with (-)epinephrine and (-)norepinephrine in order
to block their interaction with the B-adrenergic receptor which
is stimulatory on cAMP accumulation in pars intermedia cells.
That changes in cAMP levels in pars intermedia are involved in
the control of a-MSH secretion is strongly suggested by the
finding that 25 to 357 inhibition by the DA agonist 2-bromo-a-
ergocryptine of basal and 100 nM (-~)isoproterenol-stimulated cAMP
levels is accompanied by 50 to 70% inhibition of o-MSH release
respectively. DA antagonists reverse the inhibition of cyclic
nucleotide levels induced by 10 nM DA with the following order
of potency: spiperone (0.02 nM) 2 thioproperazine (0.04 nM) >
haloperidol (0.5 nM) > fluphenazine (0.6 nM) > pimozide (0.8 nM).
The potent neuroleptic (+)butaclamol reverses the inhibitory
action of DA (Kq = 1.5 nM) while its pharmacologically weak
enantiomer, (-)butaclamol, is 80 times less potent. The seroto-
nergic antagonists cyproheptadine and methysergide can also act
as weak DA antagonists while serotonin has no effect on cAMP
accumulation or o-MSH secretion. The intermediate lobe of the
rat pituitary gland offers a unique model of a dopaminergic re-
ceptor which inhibits adenylate cyclase activity in parallel
with a-MSH secretion, thus indicating the presence of DA. re-
ceptor. It is expected that the knowledge gained with this rela-
tively simple model will yield useful information for the less
accessible dopaminergic systems of the brain.




DOPAMINE I: RECEPTORS

7.13 THE REGULATION OF OLFACTORY BULB ADENYLATE CYCLASE: INTERACTIONS
BETWEEN DOPAMINE AND INSULIN. M. L. Barbaccia¥ D. M. Chuang*and
E. Costa. Lab. Preclin. Pharmacol., NIMH, St. Elizabeths Hosp.,
Washington, D.C. 20032.

Havrankova and her collegues (Nature 272:827, 1978) reported
that different rat brain areas contain various densities of sat-
urable, specific, high affinity, recognition sites for insulin.
Moreover, thé brain areas that contain the highest density of re-
cognition sites also contain the highest density of insulin-like
immmoreactivity (PNAS 75:5737, 1978). Olfactory bulb which has
one of the highest contents of insulin and insulin binding sites
was used to elucidate the location and role of brain insulin.
Since rat olfactory bulbs contain dopaminergic cell bodies we
investigated whether they also contain a dopamine dependent aden-
ylate cyclase. Using 3004 slices of olfactory bulb we measured
basal cAMP content at 10 minutes_gﬁter a 30 minute period of
preincubation. Dopamine in 3x10 or greater increased cAMP
content in olfactory bulb slices. Monolateral bulbectomy in-
creased the responsiveness of the contralateral olfactory bulb
adenylate cyclase to dopamine stimulation. The increase of cAMl_’6
caused by dopamine was partially inhigited by haloperidg% (5x10
M) and facilitated bysulpiride (5x10 M) and IBMX (5x10 "M). In-
sulin failed to cause an accumulation of cAMP in striatum and
frontal cortex slices. We then tested the action of insulin (3
to 9x10° ‘M) on the cAMP content of olfactory bulb. We found that
also insulin increased the cAMP content in a concentration d.ep-_6
endent manner. This action of insulip was unaffected by (5x10
M) ha]:gﬁeridol and increased by (5x10 "M) sulpiride and IBMX
(5x10 °M). The data obtained are compatible with the view that
activation of receptors for insulin and dopamine can increase the
adenylate cyclase activity. Moreover, monolateral bulbectomy
facilitated the accumulation of cAMP in the contralateral bulb
elicited by insulin and dopamine. Hence the two neuromodulators
appear to interact as if insulin receptors regulating cAMP con-
tent were modulated by D-2 receptors. Moreover, our data suggest
that the contralateral bulb can modulate the dopamine activation
of the adenylate cyclase of an olfactory bulb.
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RUTHENIUM RED INDUCES A NONINACTIVATING NA CURRENT IN
PERFUSED SNAIL NEURONS. W. L. Byerly & J. R. Sti .
Depte. Biological Sciences, University of Southern
California, Los Angeles, CA 90007.

Ruthenium Red (RuR) blocks Ca binding and/or up-
take in a variety of systems. Also, evolked and
spontaneous release from synaptosomes and the frog
neuromuscular junction is blocked by RuR. Since this
later effect is dependent upon Ca current in the mem-
brane, we chose to study its effects on the currents
of a voltage clamped membrane. Using isolated, per-
fused, Limnea neurons, RuR was found to block the Ca
current and induce a noninactivating Na current.

The methods are those of Byerly and Hagiwara (in
press). Limnea neurons are perfused both intracellu-
larly and extracellularly. All experiments are done
using a suction elecﬁgode volzige clampe All external
solutions contain Ca®  and Mg“<’.

When a cell is intracellularl¥+perfused with CsAsp
and bathed in a solution with Ca as the only per-
meant cation, a prominent Ca current is seen. With-
in 5 minutes of adding RuR to the bath, 95% or more
of the Ca current disappears. This indicates that
RuR does block the Ca current in this preparation.

As with other Ca blockers, the effect is not com-
pletely specific. RuR also blogks neaily 50% of the
outward currents (with either K' or Cs™ inside the
cell). The presence of 5mi EGTA inside precludes this
being a secondary loss of the Ca-~dependent K current.

RuR has another effect, in that it induces a non-
inactivating Na current. The normal Na current seen
in this preparation inactivates very fast, decaying
t0 near zero within 10ms. However, in the presence of
RuR a Na conductance turns on when the membrane
potential is stepped above -30mV, fully activating
above +10mV. The conductance decays less than 40%
during a 60ms pulse. This is very similar to the
kinetics and voltage dependence seen for the Ca
current. However, when Na™ is replaced by Tris in the
bathing solution, no inward current is seens The
reversal potential of this current agrees with the
Nernst potentigl for Na+é It is ielective for Na*, in
that neither , cst, nor Mg<¥ contribute signif-
icantly to this current. Experiments are in progress
to determine if this Na current passes through the
normal Na channels, Ca channels or by some other
mechanisme

Ca2+ ACTIVATED KYCURRENT NOISE AND RELAXATION MEASURE-

MENTS IN HELIX NEURONES. A. Hermann' and K. Hartunq+
(SPON: A.L.F.Gorman) Fakultdt filir Biologie, Universitit
Konstanz, D-7750 Konstanz, FRG.2+
Ionophoretic injection of Ca ions into voltage
clamped Helix neurones causes an increase of Kt cur-
rent which is associated with an increase of membrane
current fluctuations. Membrane current noise generated
by the Ca®’ injections disappears at the K' equilibri-
um potential and current relaxation reverses at a sim-
ilar potential. For small outward currents the rela-
tionship between the variance of current fluctuations
and the mean current is linear. The single channel
conductance calculated from the current variance meas-
urements is 3.4+0.4 pS (S.E.M., n=15). Relaxation
measurements revealed that with small doses of ca2t
injections the relaxation current can be fitted by a
single exponential. At higher doses of Ca * injections
two or more time constants were needed for a fit. The
relaxation measurements further showed that th% in-
stantaneous current-voltage relation of the Ca * acti-
vated Kt current is almost linear whereas in the
steady state there is strong outward rectification.
Relaxation time constants were in the range of 20-60
msec at potentials between -100 mV and +10 mV and in-
creased in a voltage dggendent manner with membrane
depolarization. The Ca activated current relaxation
is also voltage dependent and changes e-fold per 28 mV
change in membrane potential. 2+
Prolonged injections of high amounts of Ca de-
presses the outward current and the current fluctua-
tions. Subsequent injection of Ca?t into the cell
could not activate the outward current again.
Extracellular TEA (tetraethylammonium) effectively
blocks the Ca2* activated Kt current within seconds
after application with a half-maximum blockade a-
chieved at 0.7 mM. 4-AP (4-aminopyridine) had no
blocking effect at these cells. 24
It is concluded that ionophoretic injection of Ca
ions into Helix neurones activates a K% conductance
specific to KT ions and .that opening and closing of K
channels is voltage- and time dependent. High amounts
of intracellular Ca2t or extracellular TEA block the
ca?* activated K* conductance.

Supported by DFG Grant SFB 138.

8.2

CALCIUM-DEPENDENT SODIUM CONDUCTANCE IN MAMMALIAN
DORSAL ROOT GANGLION NEURONS IN PRIMARY DISSOCIATED
CELL CULTURE. E.J.Heyer, R.L. Macdonald. Dept. Neurology, Univ. of
Michigan, Ann Arbor, MI 48109. Present address (EJH): Dept. Neurology,
Mt. Sinai School of Medicine, New York, N.Y. 10029.

Action potentials (APs) dependent on sodium, calcium and potassium
conductances can be elicited from mouse dorsal root ganglion (DRG)
neurons in primary dissociated cell (PDC) culture. The rising phase of the
action potential depends on activation of sodium conductance; its
maximum rate of rise (qux) is directly proportional to peak sodium
conductance. In addition, af resting membrane potential (RMP) neuronal
input resistance (R~n) is due in part to sodium gonductance. We have
demonstrated that intracellular calcium reduced Vi, and increased R;,
suggesting that at least a portion of membrane somum conductance was
blocked by intracellular calcium. = Tetrodotoxin (TTX), a sodium
conductance blocker, also only partially blocked Vi,qy. Its action was
probably on that part of the sodium conductance ﬁmt was calcium
sensitive.

PDC cultures of spinal cord dissected from 12-14 day old fetal mice
were grown by conventional techniques. After 4-6 weeks in culture,
intracellular recordings with 4M KAc-filled microelectrodes were made in
neurons bathed in Tris buffered saline containing 5 mM calcium (TBS).

In calcium-free TBS, V,, X AP duration and R; _ were 231.6 V/sec, 1.0
msec and 26.0 My. In batgmg solutions containing calcium (2.5 or 5.0
mM) V. ax Was decreased, and AP duration and R; | were increased. Since
DRG neurons contain a large voltage-dependent calcium conductance, it
was possible that this effect was due to calcium entry into the neuron.
Therefore, we performed two experiments. First, we blocked
extracellular calcium entry by, adding manganese (5.0 mM), a calcium
conductance blocker, to TBS. V, ax? AP duration and R;, became 242.0
V/sec, 0.8 msec and 34.8 M QWrRIC)FI were similar to vallrcjes obtained in
calcium-free TBS. Secend, in manganese-containing TBS we restored the
effect of calcium on me<A by injecting calcium intracellularly with a
second micropipette containing 0.5 M CaClp and 0.5 M KCI.  No
restoration was possible by injecting manganese intracellularly. Other
divalent cations were studied to see if they would substitute for calcium.
Barium and strontium substituted for calcium to permit long duration APs
to be evoked in DRG neurons. However, only barium substituted for
calcium to block V.. and therefore reduced sodium conductance.
Addition of TTX to calcium-, manganese-, barium- and strontium-
containing TBS reduced V. to the same values, implying that TTX
blocked that portion of sodium conductance blocked by some divalent
cations. Supported by the Grass Foundation (Morison Fellowship)
(E.J.H.),and NINCDS (NS 15225) and RCDA (NS 00408) (R.L.M.).

CALCIUM ACTIVATED OUTWARD CURRENTS (I.) 1IN VOLTAGE-CLAMPED
BULLFROG SYMPATHETIC NEURONES. A. Constanti*, P.R. Adams and
D.A. Brown* (SPON: D. Kunze). Department of Physiology and
Biophysics, University of Texas Medical Branch, Galveston, TX
77550.

I.'s were studied in 2 ways: (1) from clamp-currents gen-
erated by depolarizing voltage-commands before and after sup-
pressing inward Ca-currents; and (2) as outward currents in-
duced by intracellular Ca-iontophoresis.

(1) Steady-state I/V curves following 40-100 ms depolarizing
commands from a holding potential (Vg) of -30 mV frequently
showed an "N"-shape, peaking at between +20 and +50 mV. The
"N"-peak was reduced or abolished by omitting external Ca or by
adding cd (0.1 mM), Co (1 mM) or Mn (1 mM). Outward current
trajectories at command potentials equal to or more positive
than -10 mV showed an early phase, peaking in 5-10 ms, sup-
pressible in Ca-free solution and/or 0.1 -0.5 mM Cd. Addition-
ally a Ca-sensitive transient outward current was sometimes
detected on depolarizing to > -35 mV from -100 mV. This peaked
in <5 ms and decayed within 20 ms. Both early outward and
transient currents were inhibited by 1 mM TEA but not by 4-AP.

(2) oOutward I,- currents following iontophoretic injection
of CaCl, were recorded using a single electrode voltage-
clamp. During steady injection I, peaked within 2-5 sec.
Currents declined slowly thereafter but recovered rapidly on
stopping injection. Brief (0.2-1 s) injections generated non-
desensitizing responses offsetting in 0.5-5 s. Such responses
increased 1linearly with iontophoretic dose up to 6 nC. For
constant calcium doses, I, increased steeply as Vy was made
more positive from -60 mV, corresponding to a 12.5 mV increase
in conductance (G;) per e-fold depolarization up to -10 mv.
In 25 mM [K], currents reversed in direction at =35 + 5 mV
(mean + S.D., n = 8). Vyey Shifted by 41 + 15 mV (mean +
S.D., n = 6) on raising [K] from 2.5 to 25 mM. I; evoked by
intracellular Ca-injection was insensitive to external Ca, Cd
or 4-AP but was inhibited 50% by 1 mM TEA.

These experiments show that many (though not all) bullfrog
sympathetic neurones possess Ca-sensitive K-channels which are
also voltage-sensitive, are blocked by low concentrations of
TEA, and are activated sufficiently rapidly to aid spike repo-
larization.

Supported by NS 14986, MRC and the Wellcome Trust.
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SINGLE CHANNEL AND NOISE ANALYSIS OF OUTWARD CURRENTS 1IN
BULLFROG GANGLION CELLS. P.R. Adams, A. Constanti*, R.B.
Clark*, C.E.Y. Adams* and D.A. Brown*. (SPON: 0.S.
Steinsland). Department of Physiology and Biophysics,
University of Texas Medical Branch, Galveston, TX 77550.

Fragments of adult bullfrog ganglia maintained in culture for
several weeks developed very smooth and round protruding
neurons upon which it was routinely possible to establish
gigohm seals. Both fresh and cultured neurons were used to
perform noise analysis of maintained outward currents. After
about 30 sec depolarization to between -10 and +20 mV, a small
residual and noisy outward current was observed. The power
spectrum of the current noise was approximately Lorentzian with
a 1/f admixture. In 8 tests near 0 mV, the mean corner fre-
quency was 8 Hz. The mean single channel conductance in 17
tests was 101 pS (80 mV driving force assumed). Both the re-
sidual outward current and the associated extra variance were
abolished by perfusing cadmium (100/U-M), TEA (10 mM) or
calcium-free Ringer. Thus this highly conducting channel is
assumed to be a calcium activated K-channel. 1In one test in-
tracellular calcium injection yielded a sustained outward cur-
rent with an elementary conductance of 97 pS, and a similar
spectral shape.

Depolarized patches exhibited 2 main types of outward event.
The large type exhibited a single channel corniductance close to
100 pS, and was thus identified as a Ca-activated K-channel.
The current through this channel at first ohmically increased
with potential, and then decreased with further depolarization.
At around +80 with respect to rest the open channel showed
glitchy, rapid closings; at more positive potentials these be-
came shorter and more frequent, so that the open channel was
very noisy.

At very positive potentials (A +200 mV) relative to rest,
upward and downward glitches, though very short, seemed to be
equally present. The rapid vibration of the channel in a par-
tially open state may expain the apparent decrease in conduc-
tance at very positive potentials. The open times of these
putative Ca-activated K-channnels was very variable from patch
to patch, and could spontaneously increase at a given patch.
The open time increased strongly with depolarization (e-fold
for 22 mv). Since these channels could be recorded using Ca-
free pipettes, they are probably activated by spontaneous in-
ternal calcium release.

Patches also usually showed a smaller (2-3x) shorter lived
channel whose opening frequency increased strongly with depo-
larization, and may be a delayed rectifier.

Supported by NS 14986 and NS 14920.

DIFFUSION OF Ca2+, Ba2+, H* AND ARSENAZO III IN NEURAL CYTOPLASM.
J. A. Connor, Z. Ahmed and G. Ebert*. Univ. of IL, Dept. of
Physiol. & Biophys. Urbana, IL 61801.

Experiments have been run to compare the movement rates of
several small cations in nerve cell cytoplasm to their movement
rates in saline solution. The relative diffusional rates of the
indicator dye, arsenazo III, have also been examined. The pur-—
pose of the study has heen to assess the effect of molluscan
nerve cytoplasm on the diffusion coefficient of Ca2* and H*.
Neural somata (300-600 um diameter) from Archidoris monterreyen-
sis were injected with indicator dyes, either arsenazo III (for
divalent ions) or phenol red (for HY) to concentrations of ap-
proximately 0.3 mM and 0.5 mM respectively. Following injection
the electrode was removed from the cell and a second electrode
containing either LCaCly, BaClz or HCl inserted for iontophoretic
injection. Current pulses of 1 to 2 sec were used and the quan-
tity of injected cations was in the neighborhood of 1 to 5
pmoles. The transient, local concentration changes of indicator-
cation complex resulting from injections were monitored by meas-
uring transcellular absorbance changes with two independent light
collecting fibers (50 um diameter). One optic fiber was centered
directly over the injection site while the other was positioned
at different locations about the cell surface. The injected
quantities of ions were too small to cause appreciable steady
baseline changes. Identical experiments were carried out using
saline droplets of comparable size to the neurons. The droplets
were formed under mineral oil and saline contained (in mM)

50 NaCl, 350 KCl, 3 MgClpz, 10 mM Mops buffer at pH 7.4, plus the
indicator dye.

The most striking differences between cell and saline droplet
experiments occurred for injections of Ba2+, an ion which is
apparently poorly buffered by cytoplasm, and Ht. The time course
of both signals was slowed by around an order of magnitude. For
Ba2+ it required between 10 and 20 sec for the absorbance change
to decay e-fold at the injection site in the neurons while in
saline the corresponding period was about 1 second. The decay of
the cellular signal for Ca2t injection was much faster, probably
due to high affinity buffering of this ion by cytoplasm. Also in
the neurons the second optic fiber detected appreciable absor-
bance changes for Ba2+ injections even when separated from the
injection site by 50 to 100 um. For similar Ca2+* injections
there was almost no signal. The time course of arsenazo III
spread was also slower in the cytoplasm and a fraction of the in-
jected dye appears to be bound and relatively immobile. Simula-
tion studies are being run in an attempt to assess the relative
importance of binding to other factors which might also slow dif-
fusion. Supported by NS 15186 from NINCDS.
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INTRACELLULAR CALCIUM TRANSIENTS ELICITED BY SYNAPTIC AND ELEC-
TRICAL MEMBRANE ACTIVATION AND BY THEOPHYLLINE MEASURED IN BULL-
FROG NEURONS USING ARSENAZO III. S.J Smith*, A.B. MacDermott
F.F. Weight. Lab. Preclin. Studies, NIAAA, Rockville, MD 20852

We have used the indicator dye arsenazo III to measure three
different kinds of intracellular calcium transients in neuronal
cell bodies of isolated bullfrog sympathetic ganglia. B-cells
were loaded with the dye by microiontophoresis, and their opti-
cal absorbance was measured simultaneously at four wavelength
bands centered at 570, 610, 660, and 700 nm. Absorbance changes
were identified as calcium signals on the basis of spectral
characteristics. We found the following. (1) Voltage clamp de-
polarizations to potentials between -30 and +50 mV and trains of
antidromic action potentials produced calcium signals which
increased progressively during stimuli up to several seconds in
duration. These signals are presumed to result from calcium
entry through voltage-dependent channels. Upon return to rest-—
ing membrane potential, the calcium signals returned to base-
line over a monotonic time course lasting approximately one
minute. The time course of calcium signal recovery resembles
that of the post-tetanic hyperpolarization (PTH) observed in
these neurons. It has been suggested that the slow potassium
conductance underlying the PTH is activated by intracell-
ular calcium ions (Minota, S., Jap. J. Physiol., 24:501, 1974).
Our observations suggest that the accumulation and removal of
cytoplasmic calcium ions may directly determine the time-depen-
dence of that slow potassium conductance. (2) Trains of ortho-
dromic synaptic stimuli produce a calcium signal even when the
postsynaptic membrane potential is held constant by a voltage
clamp., This calcium transient is presumed to result from the
opening of transmitter-controlled channels. The amplitudes
and kinetics of calcium signals elicited synaptically are
roughly similar to those of the signals elicited by comparable
trains of antidromic spikes. (3) In the presence of the methyl-
xanthines caffeine or theophylline, rhythmic hyperpolariza-
tions lasting 10-30 seconds occur spontaneously at intervals
of a few minutes (Kuba, K., J. Physiol. 298:251, 1980; McCort,
S.M. and Weight, F.F., Neurosci, Abstr. 5:47, 1979). In dye-
loaded neurons treated with theophylline (5 mM), we observed
increases in cytoplasmic calcium coincident with such spontan-
eous hyperpolarizations. This observation supports earlier
suggestions that these hyperpolarizations result from cytoplas-—
mic calcium increases acting by way of the calcium-activated
potassium conductance mechanism. There are indications that
methylxanthine-induced calcium oscillations may involve calcium
movement between cytosol and another intracellular store. (This
work partially supported by PHS NS 16671-01).

CHARACTERIZATION AND PARTIAL PURIFICATION OF FACTORS CONTROLLING
THE GENERATION OF ACTION POTENTIALS IN PARAMECIUM. N. Haga,*

M. A. Forte, Y. Saimi* and C. Kung,* Laboratory of Molecular
Biology, University of Wisconsin, Madison, WI 53706.

The ciliated protozoan, Paramecium tetraurelia, offers a
unique opportunity to utilize the combined techniques of genet-
ics, biochemistry and electrophysiology in the analysis of the
molecular interaction necessary for the generation of action
potentials. Mutants unable to generate action potentials have
been isolated as cells which show no backward swimming in
response to ionic stimulation. Standard genetic crosses of
these recessive mutants called pawns separate them into at least
three complementation groups designated pwA, pwB and pwC. We
have found that microinjection of cytoplasm from a donor wild-
type cell into a recipient pawn of any of the three complemen-
tation groups restores the ability of the pawn cell to swim
backward when stimulated with 20 mM K+ and hence restores the
ability to generate action potentials in these cells. The
restoration is not due to a simple addition of ions in the cyto-
plasm but represents a profound change in the excitable membrane
of the recipient pawn cells as demonstrated by electrophysiolog-
ical analysis under a voltage clamp. Restoration is maximal
by eight hours and lasts up to 3 days. The factors from wild-
type cytoplasm which restores backward swimming in the pawn
mutants have been further characterized and purified. A cell
homogenate is centrifuged at 27,000 xg and the supernatant (S])
further centrifuged at 100,000 xg. The pellet from the
100,000 xg spin (P,), the original supernatant (S;) and the cell
homogenate from th& wild type cells were all acti&e in curing
pwA, pwB or pwC cells when injected. The restoration of back-
ward swimming by these fractions can occur in the absence of
protein synthesis. The activity for pwC is apparently not
sensitive to endogenous or exogenous RNase's, is destroyed by
trypsin and is inhibited slightly by divalent cations. P, has
been further fractionated on sucrose gradients. The actigity
for pwC is associated predominantly with a membrane vessicle
band at 45% sucrose. This final fraction represents about a
30 fold purification from the original cell homogenate.

Further fractionation is in progress. Supported by P.H.S. grant
GM22714 and N.S.F. grant BNS79-18554 to C.K. and N.I.H. post-
doctoral fellowship GM06491 to M.F.
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8.9 A DROSOPHILA MUTANT AFFECTS SODIUM CHANNEL LEVELS, L.M. Hall,

8.1

S.D. Wilson*, J. Gitschier and G,R, Strichartz. Dept. of
Genetics, Albert Einstein Coll. of Med., Bronx, NY 10461 and
Department of Physiology and Biophysics, SUNY at Stony Brook, NY
11794,

We have used 3H-saxitoxin as a probe in binding studies of
the voltage-sensitive sodium channel in mutant and wild-type
strains of Drosophila melanogaster. Of particular interest is
the mutant napts (no action potential, temperature-sensitive) in
which nerve conduction is blocked at elevated temperatures (34°0
but recovers rapidly when the temperature is decreased. Both
larvae and adults show a corresponding temperature-induced par-
alysis which is rapidly reversed at lower temperatures (Wu, C.
F., B. Ganetzky, L.Y. Jan, Y.-N, Jan, and_S. Benzer, Proc. Natl.
Acad. Sci. U.S.A., 75: 4047, 1978). Our 3j-saxitoxin binding
studies have revealed that this mutant has a reduced number of
saturable saxitoxin-binding sites compared to wild-type con-
trols. When binding assays are conducted on Drosophila head ex-
tracts at 4°C, the nap®S mutant has 69.7 + 3.2 fmoles of toxin-
binding sites per mg protein while the wild-type has 114.8 +
24,3 fmoles/mg protein. This same difference persists if the
assays are conducted at 30°C, There are no differences between
napt® and the wild-type with respect to Ky, pH sensitivity,
thermal inactivation, ion sensitivity, and tetrodotoxin in-
hibition of the saxitoxin-binding receptor. From these results
we suggest that there are no structural differences between
sodium channels in the mutant and wild-type. The napt® gene
appears to affect regulation of sodium channel levels

As one test of this suggestion, we have pharmacologically
reduced the number of functional sodium channels in the wild-
type strain by feeding flies sublethal doses of tetrodotoxin,
After this treatment wild-type flies resemble the Eggfs mutant
in that they can be paralyzed at temperatures which normally
have no effect on wild-type locomotion, We will discuss how
all of the napt$ characteristics (temperature-induced paralysis,
temperature-Induced blockade of action potentials, altered
refractory period, and enhanced sensitivity to tetrodotoxin) can
be explained on the basis of reduced numbers of sodium channels.
(Supported by N,I.H. grant NS 16204 to L.M.H. and NS 12828 to
G.R.S.)

BLOCKADE OF INWARD RECTIFICATION IN IMMATURE STARFISH OOCYTES BY
INTRACELLULAR H™. W.J. Moody and S. Hagiwara. Jerry Lewis
Research Center & Dept. of Physiology, UCLA, Los Angeles, CA
90024 and Dept. of Biological Sciences, USC, Los Angeles, CA
90007.

The sensitivity of inwardly rectifying K currents to decreases
in intracellular pH (pH,) was studied in immature oocytes of the
starfish, M. aequalis . K currents were measured under voltage-
clamp and pH; was recorded with recessed-tip pH microelectrodes.
Average values for pH; and V_ in normal Ringer were 7.09 % 0.08
and -71.2 ¥ 1.6 mV, respectively (n=14). When the external pH
was decreased from 7.8 to 5.0 using the membrane-impermeant
buffer biphthalate (20mM), pH; decreased only slightly or not at
all (0-0.12 unit), and the inward rectifier currents were
affected only slightly or were unaffected (0-12% block). In pH
5 biphthalate solutions, the greatest blocking effects did not
correlate with the largest pHi changes. When the external pH
was decreased from 7.8 to 5.0 using the membrane-permeant
buffer acetate (10mM), pH. decreased rapidly to 5.84-6.0, and
the inward rectifier currdnts were virtually eliminated (90-98%
block). Since the buffer strength of 20mM biphthalate is 60%
greater than 10mM acetate at pH 5.0, it is unlikely that these
results are explained by differing abilities of the two solutions
to change the pH in a highly buffered extracellular space. Titra
tion curves of inward rectifier currents vs. pH. were obtained by
exposing single cells to a series of acetate-bu}fered solutions
with pH values between 7.8 and 5.0. pH. was recorded continuous-
1y and voltage-clamp pulses delivered akter pH. had attained a
steady-state in each solution. The titration Lurves were very
consistent among cells. The pooled+data could be described
adequately by assuming that three H ions bind to a single site
to block the channel. The apparent pK of the site is 6.27.

We examined the possibility that.the internal H block, could be
explained by a decrease in internal Na~ activijty ( [Na ]i)’ since
the channel is known to be b1ocked+by low [Na ]. (Hagiwara and
Yoshii, J. Physiol. 292:251). [Na ]1 was recorded with Na-sensi-
tive microelectrodes during exposure to 1ow+pH acetate solutions.
Rather than a decrease, and increase in [Na']. was recorded

when pH. was decreased. This suggests that the inward rectifi-
cation channel may be even more sensitive to changes in intra-
cellular pH than our titration curves indicate.

8.10 GENETIC MANIPULATION OF POTASSIUM CHANNEL KINETICS AND

MATURATION TIME IN DROSOPHILA: A VOLTAGE CLAMP STUDY. Lawrence
Salkoff* (SPON: J.L. Rosenbaum). Dept. of Biology, Yale
Univ., Box 6666, New Haven, CT. 06511.

Mutations mapping at the X-linked Shaker locus of

melanogaster alter different properties of the
potassium channels that carry the fast, transient, outward
current (the A-current) in the _dorsal longitudinal flight
muscles (DLM). One mutation Sh~, alters the biophysical
pro es of thg A=current channels. Two other mutations,
ShPRSYEB and Shﬁse3§, suppress the normal developmenta%
appearance of the channels during the pupal period. The Sh
mutation affects only inactivation: it causes the channels to
inactivate (close) twice as fast as wild-type channels, and it
accelerates recogery from inactivation. The channels of
heterozygote (Sh”/wild-type) animals close at a rate
intermediate to mutant and wild-type channels. Heterozygotes
also recover from inactivation at a rate intermediate between
wild-type and mutant. Other active and passive membrane
propertigs are not apparently altered by this mutation. Thus,
the Sh A-current activation curve and steady-state
inactivation curve are indistinguishable from wild-type.
Membrane in esistanc 1so unaffected.

The §hrk8§éa and §ﬁiSH§33 mutations suppress the normal
maturation of the A-current channels during pupal development.
The pupal period in D. melanogaster lasts for approximately 96
hrs. During this time the DLM fibers are formed. The DLM
contains two distinct sets of potassium channels, the A-
current channels, and the delayed rectification channels that
carry a slower activating, noninactivating current. These
channels appear in the membrane at different times. The A-
current channels appear in the normal membrane after 55 hrs of
pupal development and reach their final density by 72 hrs.
Delayed rectification channels are sparse or absent at 72 hrs
(Salkoff & Wyman, 1981, Science: 212:461-463). Delayed
rectification then develops is m at 96 h the
of adult eclosion. §ng8?§ol§hrﬁB?58 or §hi€§133/§h}{51f§§
muscle cells have no A-current response even at 96 hrs. At
this stage theserﬂaqgat‘cells E§Y§ only delayed rectification.

Heterozygous (Sh /+ or Sh animals have half the
normal A-current response at all pupal stages. In the
homozygous mutants the A-current finally appears 24 hrs after
eclosion in the majority of 'adult muscle cells. The

expression of these mutant genes may be "leaky" or a different
gene may be active in the adults.

PARTIAL DEMYELINATION AS A TEST FOR LATERAL DIFFUSION OF SURFACE
CHARGES IN THE FROG NODE OF RANVIER. P.A. Pappone* and M.D.
Cahalan. Dept. of Physiology and Biophysics, Univ. of Calif.,
Irvine, CA 92717.

We have examined the effects of the amino group reagent
trinitrobenzene sulfonic acid (TNBS) on the sodium currents of
voltage clamped frog myelinated nerve and skeletal muscle fibers.
TNBS is membrane impermeant and converts normally positively
charged amino groups into neutral trinitrophenylated derivatives.
In both fiber types externally applied TNBS caused a rapid shift
in the voltage dependence of steady state sodium current inac-
tivation and in the time constants for development of and re-
covery from inactivation to more hyperpolarized potentials.
Sodium current activation was shifted in the same direction, but
to a lesser extent. These effects suggest that TNBS treatment re-
sults in an increase in the negative surface potential of the
membrane. The effects of TNBS are largely irreversible in muscle
fibers, but reverse rapidly (within 1-3 min) in nerve fibers
following short exposures ( <1-2 min) to TNBS. Nerve fibers
recover more slowly from the TNBS-induced shift following longer
exposures. Since the reaction of TNBS with amines results in a
stable product, we suggest that the reversibility of the TNBS
effect in the nerve may be due to diffusion of the modified mem-
brane components laterally into the internodal membrane. In the
nerve fibers only the 0.5-1H node of Ranvier is exposed to the
reagent, and diffusion of membrane components with mobility like
that of lipids in bilayers would be quite rapid over this dis-
tance. To test this hypothesis we examined the effects of TNBS on
partially demyelinated nerves. Normal nerve fibers were exposed
to 0.5M urea in Ringers for 2-5 min. Following washout of the
urea there was a 2-16x increase in the membrane capacity and a
1.5-6x increase in voltage-dependent potassium current, indica-
ting that extranodal nerve membrane was exposed by the treatment.
In the demyelinated nerve fibers recovery from the TNBS-induced
shift was slow or absent following short (as1l min) exposure to
the reagent, supporting the hypothesis that the TNBS-modified
membrane components are free to diffuse laterally in the nerve
membrane. This result suggests that TNBS may be modifying mem-
brane lipids. If so these results indicate that the charge on
membrane lipids can influence the gating of sodium channels.
(Supported by a postdoctoral fellowship to P.A.P. from the
Muscular Dystrophy Association of America and NIH Grant NS14609).
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ACTION POTENTIALS AND ION CHANNELS |

ACTION POTENTIAL MECHANISM OF RAT CORTICAL NEURONS IN CELL
CULTURE, Marc A. Dichter and James Lisak*, Dept. of Neurology,
Harvard Medical School, Children's Hospital, Boston, MA 02115.

Rat cortical neurons maintained in dissociated cell
culture have thin, rapidly rising, overshooting action poten-
tials (APs) - (Dichter, Brain Res. 149:279-293, 1978). Removal
of Ca or application of the Ca channel blocking agent, Co, has
minimal effects on AP morphology, but these APs disappear in
the presence of tetrodotoxin (TTX) at 10 ' g/ml. Thus, these
thin APs appear to be generated by a Na—dependent mechanism.
In the presence of TTX, many neurons have small to moderate
sized, somewhat wider, action potentials which are eliminated
by Co. If the voltage sensitive K conductance in these cells
is blocked by TEA (25 mM), or if Ba is substituted for Ca,
wide and less rapidly rising, overshooting APs appear in all
the neurons. These APs appear to be generated by voltage
sensitive Ca channels in that they are unaffected by
tetrodotoxin, are blocked by Co and verapamil, and their
overshoots are a function of the extracellular Ca or Ba
concentrations (with slopes of overshoot vs log Ca or log Ba
being close to 30 nW/decade change). We conclude that the
cortical neurons in culture have voltage sensitive Ca channels
which under normal conditions contribute relatively little to
the soma action potential. When K channels are blocked or
when Ca currents are enhanced, Ca dependent APs can be
expressed by essentially all the neurons.

In studies using intermediate concentrations of TEA (10
mM) where Ca APs are more variably present, low threshold APs
and APs elicited with short current pulses appear to be Na-
dependent APs, whereas spontaneous, synaptically driven APs
(possibly arising from EPSPs in dendrites) and APs triggered
by larger, longer current pulses are Ca—dependent APs. These
data suggest that the Ca-dependent APs are generated in
dendrites and the Na—-dependent APs are generated in the soma
or axon hillock.

(Supported by NIH Grants NS-15362 and NS-00130 and the
CHMC Mental Retardation Core Grant HD-06276) .
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ORGANIZATION OF CORTICOSPINAL PROJECTIONS AS DEMONSTRATED BY

THE COMBINED TECHNIQUES OF MICROSTIMULATION AND METABOLIC
LABELING. E. Kosar*, and H. Asanuma (SPON: V.J. Wilson).

The Rockefeller University, New York, N.Y. 10021.

Activation of restricted portions of the ventrolateral horn

of the spinal cord by microstimulation of the motor cortex in
both the rat and the monkey could be demonstrated using the

[14C] 2-deoxyglucose technique. Under halothane anesthesia, the
motor cortex was exposed and a closed chamber installed.
Anesthesia was then discontinued. Microstimulation (6-20uamp x
10-13 pulses of 0.2msec duration, 300Hz) was applied to a
cortical focus via a tungsten-in-glass microelectrode to elicit
movement of individual muscles of the distal forelimb or digits.
[14C] 2-DG was injected intravenously (100uCi/lkg of body weight)
while microstimulation was continued for 45 minutes. The elicit-
ed movement remained stable throughout the full experimental
period. The animal was subsequently overdosed with barbiturate
and perfused intracardially with 5% glutaraldehyde-0.5% para-
formaldehyde. The brain and spinal cord were removed immediately,
frozen in Freon XXII, sectioned on a cryostat (20pm) and pro-
cessed according to the procedure of Sokoloff et al. (J. Neuro-
chem. 28: 1977). Following the appropriate exposure period,
alternate sections of the brain and spinal cord were examined by
projecting the autoradiograms onto a television screen. Sections
were traced from the screen and labeling was reconstructed 3-
dimensionally. Metabolic labeling at the stimulation site ex-
tended approximately 1.5mm rostro-caudally in motor cortex.
Unilateral and bilateral labeling was observed in the spinal cord
Unilateral labeling was located contralaterally in only a re-
stricted portion of the ventrolateral cervical cord in all animals
and was localized to the lateral portion of the motoneuron pools.
This labeling extended rostro-caudally in the cervical cord
approximately 4mm in the rat and 7mm in the monkey, maintaining
the same medio-lateral position throughout its full extent. The
bilateral labeling was located in the position of the ventro-
medial motoneurons related to axial musculature. Metabolic
labeling was also observed at other levels of the spinal cord but
the density of labeling appeared equal on both sides. This is in
contrast to the restricted unilateral labeling in the cervical
cord described above. The combination of these two techniques
has thus far proven useful in analyzing the pattern of activity
within the CNS originating from a small restricted area of the
cortex.

Supported by: NIH Grant NS-10705

THE MONKEY'S PREMOTOR CORTEX. S. P. Wise and M. Weinrich, Lab-
oratory. of Neurophysiology, NIMH, Bethesda, MD.

The definition of a premotor cortex (PM), as distinguished
from the precentral motor cortex (MI) or any other motor repre-
sentation, remains uncertain. Investigations employing microelec-
trode methods should improve the understanding of PM, but pre-
viously neither the location of isolated neurons nor the cyto-
architectural characteristics of the region have been clearly
described. Therefore, we have initiated a re-investigation of PM.

A rhesus monkey was operantly conditioned to depress one of
four keys located in a perimeter at arms length. While the
monkey pressed one key, another of the four keys, selected
randomly, was illuminated after a randomly varied delay. This
key thereby became the next target. A barely discernible visual
cue near the target key, appearing after another variable delay,
signaled the monkey to move and depress the target. The monkey
was required to make the movement within a short period of time,
near the limit of reaction time. Reaction time was typically 350
msec; movement time, an additional 250 msec. EMG of selected
muscles and EOG were monitored periodically during the recording
sessions. N .

(1) Many (149/221) neurons in PM show changes in activity
markedly (90-190 msec) before the onset of a voluntary movement
(20-120 msec before the onset of EMG change) and usually continue
their altered discharge rate throughout the movement and for
50-350 msec after the termination of movement. Their activity
is often (57/149) specific for the direction of ‘arm movement.
(2) These neurons are located within the frontal agranular
cortex, corresponding to a part of area 6 as defined by the
absence of a large population of giant, layer V pyramidal cells
in addition to the lack of an internal granular layer. (3) PM
can be distinguished from the MI representation by its markedly
increased threshold for intracortical microstimulation effects
(constant current, 30 msec trains, 0.2 msec pulses at 333 Hz)
The threshold exceeds 90 pA in 37/40 penetrations. Conversely,
MI can be defined by the consistently low microstimulation
thresholds (28/30 penetrations at <50 pA). And (4) a substantial
population of neurons (102/221) change their activity in relation
to motor set and/or signals which indicate the location of
motor targets.

These features are consistent with 'a role of this part of area
6 in the control of movement, especially the dynamic phase of
a voluntary movement, and with the concept of a distinct premotor
cortical field which constitutes part of a belt of somatic
sensorimotor cortex surrounding the “primary” motor (MI) and
somatic sensory (SI) cortex.

9.2

9.4

INPUT TO CAT'S PERICRUCIATE MOTOR CORTEX (AREA 4y) FROM PARIETAL
CORTEX (AREA 5b AND AREA 7). R. S. Waters, A. Mori*, E. Kosar,
R. S. Babb and H. Asanuma. The Rockefeller University, New York,
N.Y. 10021.

We have reported (Babb et al. Neurosci. Abstr. 6: 159, 1980)
that horseradish peroxidase (HRP) injected into the forelimb
region of the motor cortex (area 4y) labelled cell bodies within
the suprasylvian gyrus (areas 5b and 7). The present study was
undertaken to examine the physiological properties of these
neurons and to determine the caudal extent of the neurons that
project to area 4Y. Under halothane anesthesia a double-barreled
chamber was installed over the motor and parietal cortices. An
array of 8 stimulating microelectrodes was inserted into area
4y. The receptive field of neurons around each electrode was
examined first and then threshold current for muscle contraction
was determined. A single recording microelectrode was driven
systematically into areas 5b, 7 or 19 while ICMS was delivered
simultaneously through the 8 stimulating electrodes. Whenever
an antidromically activated neuron was encountered, the effec-
tive stimulating electrode was determined and an examination of
the receptive field of the neuron was made using natural stimu-
lation by air puffs, brush stroke, pressure to deep structures,
and passive movement of joints. Receptive fields of neurons
were also examined in penetrations where antidromically activat-
ed neurons were not encountered. At the conclusion of an ex-
periment HRP was injected through the recording electrode, at the
site where an area 7 neuron was activated antidromically from
area &4y. After a survival time between 44-48 hrs., the subject
was sacrificed, the brain perfused, and the tissue processed
using the tetramethyl benzidine method.

The following results were obtained: (1) Neurons in area 5b
and area 7 could be activated antidromically from electrodes in
4y. (2) Neurons in caudal 5b and area 7 did not respond to
peripheral stimulation nor to auditory or visual stimuli. (3)
The majority of the 5b and area 7 neurons projected to the pre-
cruciate region of area 4y. The highly organized projections to
motor cortex we reported for neurons in the anterior and
posterior ansate area (Waters et al., Neurosci. Abstr. 6: 124,
1980) were not found for areas 5b and 7. (4) Following injection
of HRP into the region of antidromically activated neurons in
area 7, labelled neurons were found in area 19. Since area 19
is known to receive higher order visual information it is likely
that some complex visual information may reach the motor cortex
through areas 5b and 7.

Supported by: NIH Grant NS-10705

THE MOTOR CORTEX OF THE RAT: DEFINITION BY MICROSTIMULATION AND
CYTOARCHITECTONICS. J. P. Donoghue and S. P. Wise, Laboratory
of Neurophysiology, NIMH, Bethesda, MD. 20205

The somatic sensorimotor cortex of the rat contains several
distinct cytoarchitectonic fields. Welker (Brain Res., 26:259,
1971) showed that the first somatic sensory (SI) cortex, as
defined by cells sensitive to cutaneous inputs, corresponds to
the most densely granular part of the cortex. But there is
not, as yet, a clear cytoarchitectural definition of the rat's
motor cortex. We have used intracortical microstimulation and
standard neuroanatomical methods to define the first motor (MI)
cortex in the albino rat.

Retrograde axonal transport experiments demonstrate that
the corticospinal projection originates, in part, from two
cytoarchitecturally distinct fields of the frontal agranular
cortex (FAC). Anterograde transport experiments show that fibers
from FAC project to the ventral horn of the spinal cord, in
addition to a denser projection to the intermediate spinal
laminae. These findings suggest that both of these FAC fields
are part of the somatic sensorimotor cortex. Under ketamine
anesthesia, relatively low threshold microstimulation (10-65 uA,
30 msec trains, 0.2 msec pulses, 333 Hz) elicits movements of
the contralateral head, trunk, or forelimb from only one of
these FAC fields. In the other field, stimulation thresholds
generally exceed 100 uA. The low threshold field can be char-
acterized by the relative homogeneity of its superficial laminae
This appearance contrasts, in thionin stained sections, with the
less densely staining layer III of the adjacent higher threshold
FAC field. We therefore conclude that the low threshold FAC
field corresponds to MI, while the higher threshold, spinally
projecting part of the FAC is a distinct cortical field within
the somatic sensorimotor cortex.

Caudolateral to the low threshold FAC, we observed a con-
tinuation of the low threshold (hindlimb and forelimb) micro-
stimulation responses into the granular cortex. Such an overlap
between the SI and MI representations was originally described
by Hall and Lindholm (Brain Res., 66:23, 1974). Microstim—
ulation of other parts of the granular cortex at <65 uA does
not evoke movement.

These experiments demonstrate that a cytoarchitecturally
distinct cortical field can be identified as a major part of MI
in the rat. The rat's MI representation apparently differs
from that of certain primates in that it includes granular
cortex which is also part of the SI cortex.
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CLASSIFICATION OF HINDLIMB AREA 4 UNITS AS RELATED TO FORCE
DURATION AND DIRECTION IN THE CONDITIONED MONKEY. S. A.
Sahrmann, M.H. Clare, E. B. Montgomery Jr.*, and W. M.
Landau. Dept. Neurol., School. Med., Washington U., St.
Louis, MO 63110.

Rhesus monkeys were conditioned with light signals to
perform four randomly selected tasks with the hindfeet.
Force was exerted bilaterally on fixed bars with attached
strain gauges. The tasks were: (1) to exert a strong
plantarflexion force, hold it a random time, on cue exert a
strong, brief, rapid dorsiflexion force and return to rest
(rapid-relax); (2) to do the converse; (3) to plantarflex
into a small force window, holding until signalled to return
to rest; and (4) to perform the converse of (3).

A preliminary report (Sahrmann, S.A., et al. Soc.
Neurosci. Abstr., Vol. 5, p. 384, 1979) designated units as
phasic if their firing rate did not remain increased for the
200 msec. after achievement of force criterion for hold
tasks. The tonic units showed sustained activity during
hold. Present analysis of 228 units recorded from 3 rhesus
monkeys indicated that 65% were phasic and 17% were tonic
(sustained increased activity for at least 500 msec. after
force criterion).

Units were further classified as Directional if increased

activity was consistently related to development of either
plantarflexion or dorsiflexion force (103/228, 45%). Bi-
directional units were those with increased activity during
both plantarflexion and dorsiflexion force (99/228, 43%).
Inhibitory units were those with decreased activity during
plantar and/or dorsiflexion (26/228, 11%).

Directional units were further subgrouped according to
the presence or absence of additional phases of increased
activity other than that with primary agonist contraction.
Some units were similar to spinal motoneurons since
increased activity exclusively paralleled initiation of
agonist contraction (26/103, 25%). Others, those with high
resting frequencies, were inhibited during antagonistic
contraction (37/103, 36%). A third group showed increased
activity during antagonistic relaxation as well as during
agonist contraction (40/103, 39%).

Bi~directional units were designated as symmetric if
activity during both plantar and dorsiflexion was similar
(17/99, 83%). Asymmetric units were more strongly
associated with force development in one direction than in
the other (82/99, 83%).

9.6

RELATIONSHIP OF CLASSIFIED HINDLIMB AREA 4 UNITS TO FORCE
MAGNITUDE IN THE CONDITIONED MONKEY . M.H. Cla{gL_S-A.
Sahrmann, E.B. Mongtomery Jr.* and W. M. Landau. Dept.
Neurol., School. Med., Washington U., St. Louis, MO 63110.

Rhesus monkeys were conditioned with light signals to
perform four randomly selected tasks with the hind feet.
Force was exerted bilaterally on fixed bars with attached
strain gauges. The tasks required either a large (1 kg)
plantar or a large dorsiflexion force maintained for a
random period, and at a light cue, a large rapid force in
the opposite direction (rapid reversal) followed by
relaxation. A small plantar or dorsiflexion force (200 gm)
held for a random period, with relaxation on light cue was
also required. Thus the activity of each cortical unit was
recorded during large maintained, large rapid-reversal and
small maintained forces in both plantar and dorsiflexion.

The large rapid-reversal force was associated with the
peak discharge frequency of 56% of the phasic units (as
classified in Sahrmann, S.A., et al., Soc. Neurosci. Abstr.,
vol. 7, 1981) but with only 24% of the tonic units.

Few units were found with frequency changes
proportional to small and large forces (Directional 12% and
Bi~-directional 8%). Peak frequency was associated with

either or both large forces for 27% of the Directional and

46% of the Bi-directional. The asymmetric units usually had
greater frequency changes for both large forces than for the
small forces.

The Directional units had the highest incidence of the
peak frequency during the small force equalling or exceeding
that of the large force, (35% Directional; 20% Bi-
directional). Twenty-five percent of the Directional and 8%
of the Bi-directional units increased their firing rate with
large forces exclusively.

Most Inhibitory units showed decreased discharge durirng
force in both directions. The magnitude of the decrease in
firing frequency was not related to the magnitude of the
force but did vary for plantar and dorsiflexion.
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EVIDENCE THAT ENDOPEPTIDASE-CATALYZED LHRH CLEAVAGE CONTRIBUTES
TO THE REGULATION OF MEDIAN EMINENCE LHRH LEVELS DURING POSITIVE
FEEDBACK. J.P. Advis*, J.E. Krause* and J.F. McKelvy, Depart-
ment of Neurobiology and Behavior, SUNY Stony Brook, New York
11796.

In order to examine the possible physiological relevance of
peptidases acting on LHRH, we have studied the degradation of
LHRH by homogenates of median eminence from ovariectomized,
estradiol-progesterone treated rats, decapitated at three hour
intervals after progesterone administration (10.00 h). It is
known that under these conditions an increase in median eminence
LHRH content (13.00 h) precedes the release of LHRH into the
portal vessels, which subsequently gives rise to a surge-like
release of pituitary LH (16.00 h). Furthermore, both the in-
crease in LHRH content and of serum LH can be prevented by
prior administration of the noradrenergic synthesis inhibitor
diethyldithiocarbamate (DDC).

Total LHRH peptidase activity was assessed by HPLC estimation
of the loss of synthetic LHRH incurred when aliquots of super-
natant (5'/10,000g) were incubated (37°/30 min.) with LHRH
under optimal conditions. LHRH degradation was measured as
initial velocities using saturating substrate concentrations.
Characterization of degradation products by HPLC and amino acid
analysis revealed a rate limiting step to TYR?-GLY® bond scis-
sion. Other studies showed that the responsible activity is a
metalloendopeptidase. LHRH content and serum levels of gonado-
tropins were estimated by RIA.

LHRH degradation was decreased (p<0.01) three hours after
progesterone administration, at a time when LHRH content is
increased (p<0.01), and serum LH remained at basal levels
(13.00 h). At the time of the LH surge (16.00 h) LHRH degrada-
tion was still low and LHRH content had returned to basal levels.

LHRH degradation in animals which received a single dose of DDC,
one hour before progesterone administration was higher (p<0.01)
than in saline treated controls at 13.00 h and 16.00 h.

We conclude that the degradation of LHRH by a metalloendo-
peptidase may contribute to. the regulation of LHRH levels
appropriate for gonadotropin release.

Supported by NSF BNS 7684506 and NIH RCDA AM 00751 (JFM) .

IDENTIFICATION OF LUTEINIZING HORMONE-RELEASING HORMONE (LHRH)
NEURONS IN THE ARCUATE NUCLEUS OF HYPOTHALAMIC SLICES. M.J.
Kell 0.K. Ronnekleiv Dept. of Physiology (MJK), and Dept. of
sychiatry KR), Univeristy of Pittsburgh School of Medicine,
Pittsburgh, PA 15208.

Arcuate (ARC) neurons have been found to be acutely sensitive
to 10-10 M 178 -estradiol when applied to the medium bathing
hypothalamic slices (Kelly et al., Exp. Brain Res. 40:440
(1980). We have labeled these neurons with procion yellow and
have found that these estrogen-responsive neurons are small
fusiform cells with little branching of the dendrites and little
or no spine-like appendages. In order to identify these

neurons, it was necessary to develope an immunocytochemical
technique which was compatible with the procion yellow
fluorescence. Cycling female rats were killed and sagittal

hypothalamic slices were prepared as previously described (Kelly
et al., 1980). The 400 K-m thick slices were then immediately
Tmmersed in cold 4% Paraformaldehyde in .1 M phosphate buffer
(pH 7.2) for 1-1/4 hrs. Then the slices were transfered to
phosphate buffered saline (10% sucrose, pH 7.2) and refrigerated
until cutting. The slices then were taken, frozen rapidly in
isopentane cooled to -750C in a dry ice/ethanol mixture, and
16 pm sections were cut at -179C on a cryostat. The sections
were kept frozen until the PAP immunochemical procedure
(Sternberger, 1974) was done using the WP-1 antiserum (courtesy
of Dr. R.L. Eskay) for LHRH. LHRH-immunoreactive neurons were
identified scattered throughout the ARC region. This staining
was abolished by pre-incubation of the antiserum with synthetic
LHRH. The LHRH-immunoreactive neurons have a similar morphology
as the identified estrogen-sensitive neurons previously
described. We cannot say at this point that these are the same
cells, but the compatibility of this staining procedure with the
procion yellow fluorescence will allow us to correlate the
electrophysiological response to estrogen with the peptide
content of the cell.
(Supported by HRSF Grant W-22 and NIH Grant NS16419).

10.2

IN VIVO IHRH RELEASE ESTIMATED WITH PUSH-PULL CANNULAE AND
SIMULTANEOUS SERUM LH MEASUREMENT IN OVARIECTOMIZED EWES. J.E.
Levine, F. Pau*, V.D. Ramirez, and G.L. Jackson*. Dept. of
Physiology and Biophysics, and Dept. of Veterinary Biosciences,
University of Illinois, Urbana, IL 61801

A neural oscillator may regulate pulsatile release of IH.
This regulation likely is achieved through rhythmic discharge
of LHRH from axon terminals in the median eminence (ME). Re-
cently we showed that release of LHRH can be estimated in
unanesthetized animals using the push-pull cannula (PPC) (Endo
107:1782). Combining this technique with measurement of serum
LH, we attempted to determine the: 1) pattern of spontaneous
LHRH output from the ME of the ovariectomized (OVX) sheep, and
2) temporal relationship between LHRH and LH release. Thirty
days after ovariectomy, ewes received a permanently implanted
PPC (20g). The tip of the PCC was directed into the lateral
ME. Post-implantation recovery was at least 6d. Before per-—
fusion, a stylette was removed fram the outer PPC and an inner
cannula assembly (28g) inserted. Artificial CSF was pumped
through the inner cannula and pulled between the cannulae at
18ul/min. Continuous 10min fractions were collected, acidi-
fied, and stored for LHRH RIA. Blood samples were obtained
every 1l0min via jugular catheter, each being drawn 5min after
the start of a perfusate collection interval. Duration of
sampling was 5-7h. Plasma LH levels were determined by RIA.

IHRH output was distinctly pulsatile, occurring at a fre-
quency of about 1 pulse/40min. Peak values were consistently
within 1.0-1.6pg/10min, while trough values were (0.6pg/10min.
The pattern of LHRH output remained unchanged throughout all
perfusions (5-7h). Plasma IH values also were pulsatile, and
LH peaks occurred either during the same interval or interval
after an LHRH pulse. IH pulses always were preceded by LHRH
pulses, but LHRH pulses were not always followed by LH pulses.
Data from one sheep were subjected to spectral analysis. Peak
frequencies for LHRH and LH were identical (l.5cycles/h) and
the squared coherence was .77. Histological examination re-
vealed that each cannula tip was placed in the lateral ME.
These experiments demonstrate for the first time that hypo-
thalamic LHRH release in the OVX ewe occurs in discrete pulses,
and that IH pulses appear to be preceded by LHRH pulses.
Furthermore, this study establishes the push-pull perfusion
technique as a direct method by which the output of releasing
factors can be measured and correlated with circulating pitui-
tary hormone levels. Supported by NSF Grants SER 76-18255 and
PCM 77-04656 and NIH Grant HD 13037.

IMMUNOCYTOCHEMICAL LOCALIZATION OF LHRH IN MALE AND FEMALE RAT
BRAIN: A QUANTITATIVE COMPARISON. B.D. Shivers, R.E. Harlan*,
J.I. Morrell and D.W. Pfaff. The Rockefeller University, New
York, NY 10021.

Luteinizing hormone releasing hormone (LHRH) regulates func-
tions which are sexually dimorphic and steroid dependent. In
this study LHRH was immunocytochemically localized in the brains
of adult rats of both sexes, using Sternberger's peroxidase-
antiperoxidase method and Silverman Rb III primary antiserum.
Four groups of rats were used: intact males, gonadectomized (gdx)
males, gdx females and gdx females with estradiol (E2) capsules.
Each brain was examined from midseptal through midbrain inter-
collicular levels inclusive.

intactd gdxd gdx® + E2 gdx%

Total number LHRH
cells (x + SE, N=4) 507452% 130+58 146+41 82430
% LHRH cells dark 81.9%* 54.5 51.2 47.1
7% LHRH cells in DBB+POA 75.1# 55.4 63.7 65.8

% p < .01 vs. three other groups
# p < .005 vs. gdx male and gdx female with E2.

Intact male rats had a significantly greater number of visu-
alized LHRH cell bodies than did the three other groups. Cells
were classified as dark or light based on the amount of immuno-
reactive cytoplasmic material. Intact males showed a signifi-
cantly greater percentage of dark cells than did the three other
groups. No differences in either cell number or percentage of
dark cells were found among the three other groups. The majority
of LHRH cells was seen in the diagonal bands of Broca (DBB) and
preoptic area (POA). Intact males had a significantly higher
percentage of LHRH cells in the DBB+POA than did gdx males or gdx
females with E2.

The results suggest that LHRH content in cell bodies is great-
er in intact males than in the three other groups. One inter-
pretation of the decrease in the percentage of LHRH cells in the
DBB+POA following gonadectomy in the male is that some LHRH cells
are more responsive to testicular steroids than are others.

(Research was supported by a grant from Rockefeller Univer-
sity.)
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EFFECTS OF ELEVATED LEVELS OF PROLACTIN ON LORDOSIS BEHAVIOR AND
LHRH-STAINED CELLS IN THE FEMALE RAT. C.A. Dudley, S. Jamison
and R.L. Moss. Dept. of Physiology, University of Texas Health
Science Center, Dallas, Texas 75235.

Elevated plasma levels of prolactin (PRL) induced either by
pituitary transplants under the renal capsule or by direct peri-
pheral a@ministration have been shown to suppress reproductive
behavior in the male rat and to interfere with vaginal cyclicity
in the female rat. The purpose of the present study was to in-
vestigate the effects of persistent, elevated levels of PRL on
lordosis behavior and on brain LHRH-staining in the intact, nor-
mal cyclic female rat. Hyperprolactinemia was induced in 11 fe-
male rats by grafting whole pituitaries under the kidney capsule,
while sham surgery was completed on 12 control female rats.

Serum PRL levels were measured via radioimmunoassay and levels of
sexual receptivity were determined in the grafted and control
animals at one and three months after transplantation. At the
fourth month, the grafted and control animals were sacrificed and
the extent of brain LHRH staining determined immunocytochemical-
ly. Serum PRL levels were found to be 2 to 3 times higher in the
grafted than the control animals at both times of assay. On the
other hand, high levels of mating behavior were successfully in-
duced in both groups of animals at one month by exogenous admin-
istration of estradiol benzoate (E) and progesterone (P). The
lordosis to mount ratio (L/M) for the grafted animals was 1.00+
.00 whereas that for the sham group was .95+.0l1. However, at
three months, E-P induced mating behavior could not be obtained
in the grafted animals (L/M=0.0) whereas the control group still
exhibited good lordotic responsiveness (L/M=.62). The animals
were then sacrificed (at four months) via perfusion with a mix-
ture of paraformaldehyde and glutaraldehyde. The brains were re-
moved and 50 p sections were cut on a Vibratome from the septal
area through the median eminence. The sections were then pro-
cessed immunocytochemically according to standard peroxidase
anti-peroxidase techniques using a specific antibody to LHRH pro-
vided by W. Vale. The number of LHRH stained cell bodies in each
section was counted and a mean per animal was then obtained with-
out knowledge as to the condition of the animal. Subseguently, a
mean for the grafted and control animals was calculated. The
number of LHRH stained cell bodies was dramatically lower in
hyperprolactinemic animals than in the control animals. The mean
number of LHRH stained cell bodies per tissue section was 1.8+
.58 for the grafted animals and 3.1+.77 for the sham controls.

The absence of mating behavior in the hyperprolactinemic ani-
mals may be due to decreased LHRH synthesis as reflected by a re-
duction in the number of stained cell bodies in these animals.
This research was supported by NIH grant HD 09988.

EFFECTS OF LHRH ON MULTIUNIT ELECTRICAL ACTIVITY OF THE PREOPTIC-
ANTERIOR HYPOTHALAMUS IN THE OVARIECTOMIZED RAT. David I.
Whitmoyer, Peter C.K. Leung and Charles H. Sawyer. Department of
Anatomy and Laboratory of Neuroendocrinology, Brain Research
Institute, UCLA, Los Angeles, CA 90024.

Luteinizing hormone-releasing hormone (LHRH) has been impli-
cated as a possible mediator of "ultrashort-loop feedback" in the
control of LH release. In the rat, perikarya of LHRH neurons
have been located primarily rostral to and within the preoptic-
anterior hypothalamic region. In the present study, effects of
intraventricular infusions of LHRH on the multiunit activity
(MUA) of this rostral brain region were investigated in long-term
ovariectomized rats.

Adult female Sprague-Dawley rats were chronically implanted
with third-ventricle cannulas and electrode arrays for recording
MUA and cortical EEG. All animals were ovariectomized 2 weeks
prior to implantation and recordings were taken from the unanes-
thetized freely-moving animals 2 weeks post-implantation. MUA
records were obtained from 25 electrode sites in the preoptic-
anterior hypothalamus. Intraventricular infusion of saline (2
ul, pH 5.5) had no effect on MUA. On the other hand, infusion of
LHRH (0.5 ug in 2 pl saline, pH 5.5) led to changes in MUA in 11
of 25 trials. Of these 11 responses, 5 were increases; i.e., MUA
rose by 40-50% by 40 min post-infusion. The inhibitory effects
were striking, with 5 sites showing 50% decreases by 50 min post-
infusion and lasting through the end of the 90-min recording
period.

In ovariectomized rats, norepinephrine (NE) has been shown to
inhibit ILH release. The effects of NE (10 ug in 2 ul saline, pH
5.5) were assessed for 17 of the 25 sites. NE infusions were
separated from the LHRH tests, either 2 days before or 2 days
after. 1In 15 of the 17 cases, NE led to dramatic decreases in
MUA within 10 min. Thus, in rostral brain sites some populations
of neurons were responsive to both NE and LHRH. However,
although the time course of MUA changes following LHRH infusion
may be a direct result of LHRH exposure, the possible involvement
of secondary effects such as a change in plasma LH cannot be
excluded.

Previous MUA studies from our laboratory have employed several
different techniques for deriving an "integrated" record from the
raw MUA activity. The present system employs analog elements
which continuously compute the root-mean-square (RMS) value of
the MUA signal (RMS-MUA). This is:the preferred approach to
integration because it yields a calibrated output signal, the
technique can be reproduced easily by other investigators, and it
conforms to the standard electrical engineering approach to the
measurement of non-sinusoidal signals.
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ACTIONS OF OVARIAN HORMONES AND MICROELECTROPHORETICALLY APPLIED
PROLACTIN ON LHRH-SENSITIVE NEURONS IN THE NUCLEUS VENTROMEDIALIS
HYPOTHALAMI. A. Chan*, C.A. Dudley* and R.L. Moss (SPON: J.
Schadt). Dept. Physiol., Univ. Tx. Hlth. Sci. Ctr., Dallas, TX.

Previous reports have demonstrated that luteinizing hormone-
releasing hormone (LHRH) exerts a facilitatory effect on mating
behavior in the female rat. Prolactin (PRL), administered intra-
ventricularly, has been shown to suppress mating behavior in the
estrogen-progesterone (E-P) primed ovariectomized rat. The in-
hibitory effect of PRL on mating has been suggested to be medi-
ated through LHRH. Since the ventromedial nucleus (VMH) has been
implicated in the control of mating behavior, the present experi-
ment was designed to study the actions of ovarian hormones and
microelectrophoretically applied PRL on the LHRH-sensitive units
in the VMH. Extracellular potentials were recorded via 4 M NaCl-
filled central barrel (4-8 MQ) of a seven-barreled micropipette
(composite tip diameter of 1.5-3 um). Each of the outer barrels
contained one of the following solutions: 0.1 M norepinephrine
(NE); 0.5 M dopamine (DA); 0.5 M sodium glutamate (GLUT); 0.1 mM
PRL; 1 mM LHRH; 1 mM D-Pro, D-Phe?, D-Trp3+5-LHRH (LHRH-, LHRH
antagonist which inhibits the release of LH from the pituitary
gland in a concentration ratio of 0.5:1).

Summary of pharmacological responses of VMH neurons

Agents Untreated OVX rats E-P treated OVX rats

n 4 ¥ > n 4 ¥ >
LHRH 39 13% 18% 69% 80 16% 31% 53%
LHRH™ 26 8% 27% 65% 59 17% 41% 42%
DA 47 11% 72% 17% 37 8% 73% 19%
GLUT 21 62% 5% 33% 52 69% 8% 23%
PRL 77 68% 13% 19%

The results tabled above indicate that more nerve cells are
inhibited by LHRH and LHRH- in E-P treated than untreated OVX
rats. No such hormonally dependent differences were observed
with DA or GLUT. The stimulatory effect of PRL appeared to be
dose-dependent (0-30 nA). Of all the LHRH-inhibited units, PRL
excited 65%, inhibited 13% and had no effect on 22% of neurons
tested (n=23). Of all PRL-activated units, LHRH excited 23%, in-
hibited 32%, and had no effect on 45% of these units tested (n=
47). This result indicates that the LHRH-inhibited units are
predominantly excited by PRL, but the stimulatory action of PRL
is not specific for the LHRH-inhibited units. The above find-
ings can be interpreted to suggest that the inhibitory response
of LHRH in the VMH, which is dependent on ovarian hormones, may
be related to mating behavior. The mechanism by which PRL sup-
presses mating behavior could be mediated by stimulating the
LHRH-inhibited units and thus exerting an opposite effect to
LHRH in the VMH. Research supported by NIH grant NS 10434 to RLM.

PITUITARY IMMUNOCYTOCHEMISTRY OF LHRH AND cAMP AFTER SYSTEMIC
LHRH ADMINISTRATION. Jorge Pecci-Saavedra, J. Yuan Li*, Joan

L. Greenwald* and Ludwig A. Stermberger. Center for Brain
Research, University of Rochester School of Medicine, Rochester,
NY 14642.

Male rats were injected I.V. with doses of LHRH ranging from
0.1 to 100ug and sacrificed by perfusion after 2-30 min. Vibra-
tome sections of the pituitaries were processed for liﬁht and
electron microscopy with the PAP technique using antibodies to
cAMP, LHRH and LH. After injections of 1, 10, and 100ug of LHRH
cytoplasmic cAMP was visualized in large and small gonadotrophs
with increasing intensities. Uninjected controls were unstained.
A proportion of gonadotrophs, identified morphologically and
immunocytochemically with anti-LH exhibited granular cytoplasmic
staining for LHRH. Results allow for the identificaticn of the
gonadotrophs as responsible for the previously reported contro-
versial increase of cAMP in whole pituitaries after stimulation
by LHRH. The finding of intracytoplasmic LHRH in the present
experiments gives further support to previous studies on intra-
cellular LHRH receptors. These findings could suggest a bi-
phasic action of LHRH on gonadotrophs: a) a releasing effect
mediated through granule LHRH receptors; and b) a rapid,
secondary activation of adenyl cyclase, that follows exocytosis
and fusion of the LHRH-granule receptor complex with the plasma
membrane. Results of this secondary effect may be up-regulation
of LHRH receptors, gonadotropin replenishment and LHRH-receptor
transport to GERL or Golgi regionms.

Anti-cAMP antibodies were kindly supplied by A.L. Steiner.
Supported by NIH grants HD 12932, NS 15843 and NS 15809 and by
Conicet, Argentina.
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HYPER-RESPONSIVENESS OF MEDIAN EMINENCE LHRH TERMINALS INDUCED
BY NEONATAL MONOSODIUM GLUTAMATE TREATMENT. L.V. DePaolo* and
A. Negro-Vilar. Department of Physiology, University of Texas
Health Science Center at Dallas, Dallas, Texas 75235.

Monosodium glutamate (MSG) treated rats present atrophic
gonads and pituitaries, low to normal gomadotropin levels,
normal pituitary responsiveness to exogenous LHRH, but de-
creased responses to the negative and positive feedback ef-
fects of gonadal steroids. These disturbances, combined with
the known neurotoxic effects of MSG on the arcuate nucleus
(ARC) neurons, suggest a derangement in the LHRH releasing
mechanism. The present experiments were designed to test this
hypothesis. Neonatally MSG-treated male rats and their con-
trols were sacrificed at 5 months of age. MSG-treated rats
presented reduced body, anterior pituitary and ventral pros-
tate weight. Interestingly, weights as well as protein con-
tent of the median eminence (ME) were also significantly
reduced (p<.01) in MSG-rats. As reported by others, dopamine
(DA) levels in the ARC were reduced by about 50% in MSG rats,
whereas levels of the amine in other areas were not affected.
LHRH concentrations (pg/pg protein) were slightly but signif-
icantly decreased in the ARC of MSG-rats, whereas LHRH in the
ME in the same animals was two fold higher than control val-
ues. Release of LHRH from median eminence fragments was
evaluated in vitro using a perifusion system. ME's from
MSG-treated or control male rats were incubated in Krebs-
Ringer medium for a control period of 50 min, after which the
tissues were incubated for 50 min in a high K medium at a
concentration (30 mM) which induced half-maximal stimulation
of LHRH release. This was followed by another 50 min period
during which prostaglandin E, (PGEz, 10 pg/chamber) an effec-
tive releager of LHRH, was injected as a pulse superimposed on
the high K medium. Minor differences were seen in basal LHRH
release between MSG and control rats. However, in response to
K stimulation, ME's from MSG rats released more LHRH (p<.011
than control rats. Similarly, after combined PGE; and high K
treatment, LHRH release in MSG rats was 2.5 fold higher
(p<.01) than in controls. These results suggest that the
hyper-responsiveness of the median eminence LHRH terminals in
vitro may result from denervation of the LHRH neurons due, at
least in part, to the loss of DA neurons in the ARC. Further,
they indicate that the mechanism(s) that normally triggers
LHRH release is defective in the MSG rat. Therefore, a re-
duced in vivo release of LHRH in MSG rats may be the primary
defect causing the alterations in the hypothalamic-pituitary-
gonadal axis of these animals. Supported by NIH Grants
HD-09988-05-3 and HD-05776.

EFFECTS OF AGING ON THE RELEASE OF LUTEINIZING HORMONE IN FEMALE
GOLDEN HAMSTERS. H.J. Chen. Division of Neurobiology, Barrow
Neurological Institute, Phoenix, AZ 85013.

Release of luteinizing hormone (LH) as affected by aging,
estrous cycle, luteinizing hormone releasing hormone (LHRH),
castration and oestridiol benzoate, was studied in the female
golden hamster (Mesocricetus auratus). About 80% of female
golden hamsters cycled regularly when reaching 17-22 months of
age until a terminal disease intervened. Age-induced irregularity
of the estrous cycle included an absence of or a delay in
proestrous vaginal discharge. Young female hamsters (3-5 months)
had significantly (p 0.01) higher basal LH concentrations than
old animals (17-22 months) in the morning of each stage of the
oestrous cycle. LHRH elicited about 20-30 fold increase in
serum LH concentrations in both young and old hamsters. No
significant difference or definite pattern of LH release was
observed between young and old hamsters in response to LHRH.
However, in old hamsters that were not cycling, the peak of LH
release in response to LHRH was delayed. The release of LH in
response to exogenous LHRH was greater in the morning of proest-
rus than during other stages of the estrous cycle.in both
young and old hamsters. The rise in LH was significantly higher
in the young than in old hamsters on the 13th and 15th days
after castration. However,positive feedback stimulation of LH
release by estridiol benzoate resulted in the same magnitude of
LH release in both young and old hamsters.These results indicate
that in the female hamster, LH release from the pituitary in
response to acute stimuli such as LHRH and estrogens is the
same in the young as in the old animals if they are cycling.

The peak of LH release in response to LHRH was delayed in old
hamsters with irregular estrous cycles. Basal LH concentrations
as well as LH concentrations on the 13th and 15th days after
ovariectomy were significantly higher in the young than in
the old hamster,,suggesting that chronic release of LH may
decrease or its degradation or clearance may increase during
the aging process in female golden hamsters.
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ROLE OF TUBEROINFUNDIBULAR DOPAMINE NEURONS IN THE BIPHASIC EFFECT
OF 5-METHOXY-N,N-DIMETHYLTRYPTAMINE ON RAT PROLACTIN SECRETION,

M. Simonovic, G.A.Gudelsky and H.Y. Meltzer, Dept. of Psychiatry,
University of Chicago Pritzker School of Medicine,Chicago,IL 60637

The two best described influences on rat prolactin (PRL) secre-
tion are an inhibitory effect of dopamine (DA) released by the
tuberoinfundibular dopaminergic (TIDA) neurons and a stimulatory
effect of serotonin (5HT) and 5HT agonists. Midbrain raphe nuclei
are the major source of the hypothalamic 5HT input. Little is
known about the interaction, if any, between the ascending 5HT
neurons and TIDA neurons. We have investigated the effect of 5-me-
thoxy-N,N-dimethyltryptamine (5MeODMT), a SHT receptor agonist
which inhibits raphe neurons, on the turnover of DA in the median
eminence and on the increase in PRL produced by variety of drugs
which affect the dopaminergic inhibition of PRL secretion.

5MeODMT (2.5 - 10 mg/kg,ip) produced a marked, dose-related but
short-lasting (less than 30 min) stimulation of rat PRL secretion.
Thirty minutes after 5MeODMT (10 mg/kg,ip) serum PRL concentration
was not significantly different from those in vehicle-treated
controls. The elevations in serum PRL concentration induced by a
low dose of alpha-methylparatyrosine (AMPT, 50 mg/kg,ip), an in-
hibitor of DA synthesis, or haloperidol (0.15 mg/kg,ip),a potent
DA receptor blocker, were significantly reduced in rats which re-
ceived 5MeODMT (10 mg/kg,ip) 30 min before either of the two drugs.
However, 5MeODMT pretreatment did not significantly alter the in-
crease ‘in serum PRL concentrations induced by a higher dose of
AMPT (250 mg/kg,ip) or haloperidol (1.0 mg/kg,ip). 5MeODMT also
failed to alter the increase in serum PRL following morphine (5,

10 or 20 mg/kg,sc) or gamma-butyrolactone (500 mg/kg,ip), two drugs
which decrease the activity of TIDA neurons. In order to test the
hypothesis that inhibition of raphe firing by 5MeODMT results in
increased activity of TIDA neurons, the turnover of DA in the
median eminence was estimated using AMPT-induced decline of DA con-
centration. Steady-state concentration of DA in the median eminence
was not significantly altered by 5MeODMT (10 mg/kg,ip).However,
5MeODMT significantly enhanced AMPT-induced DA decline in this re-
gion.

These results demonstrate that 5MeODMT exerts a biphasic effect
on rat PRL secretion.The initial stimulation of PRL release is
probably due to its ability to activate postsynaptic SHT receptors.
The subsequent inhibitory effect of 5MeODMT appears to be due to
increased activity of TIDA neurons. If the inhibitory effect of
5MeODMT on PRL secretion reflects its ability to inhibit the
spontaneous firing of ascending 5HT neurons, then these results
suggest that decreased 5HT transmission leads to increased activity
of TIDA neurons.This research was supported by USPHS MH 30,938 and
MH 29,206.
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RESPONSES OF SENSORY RELAY NEURONS AND EXTRAOCULAR MOTONEURONS
TO OPTOKINETIC STIMULATION IN THE FROG. S.L. Cochran, W. Precht*
and N. Dieringer*. Brain Research Institute, Univ. of Ziirich,
CH-8029 Ziirich, Switzerland.

Movement of the visual surround around an animal results in a
compensatory following of the head and eyes. We have been attemp-
ting to determine the neuronal circuitry responsible for media-
ting this behavior in the frog, Rana temporaria. Neurons within
two midbrain nuclei, innervated by the retina, are responsive to
optokinetic stimulation of the contralateral eye. The basal op-
tic nucleus (BON) contains neurons predominantly sensitive to
vertically-moved patterns, while the pretectal (PT) neurons are
sensitive to horizontally-moved patterns (Cochran et al., 1980).
Additional recordings have been made from antidromically identi-
fied motoneurons within the oculomotor nucleus (innervating the
ipsilateral, visually-stimulated eye) and the contralateral ab-
ducens nucleus. Oculomotor neurons have response properties iden-
tical to those found in the BON, both in terms of their direction
specificity as well as their velocity sensitivity. In addition,
some oculomotor neurons, presumably innervating the medial rectus
musculature, and contralateral abducens neurons have response
properties identical to PT neurons. These similarities in re-
sponse properties suggests that a close relation exists between
the sensory nuclei, the BON and PT nucleus, and the extraocular
motoneurons. Indeed, in the frog the BON has been reported to
project to the oculomotor nucleus in a monosynaptic fashion
(Montgamery et al., 1979). One is thus led to the hypothesis that
optokinetic reflexes of the ocular system are mediated by a three
-neuronal chain from retina to midbrain sensory system to ocular
motoneuron. Two findings are compatible with this hypothesis.
First, the shortest EPSP latencies of BON, PT neurons, oculomotor
neurons, and abducens’'neurons (3 msec; range
3-7 msec from optic nerve stimulation) are compatible with the
proposed disynaptic innervation from the retina. However, sources
other than BON or PT (e.g. the optic tectum) may also contribute
to the excitation of the motoneurons. Second, PT neurons sensi-
tive to horizontal optokinetic stimulation of the contralateral
eye, can be activated at a short, fixed latency (approx. 1 msec)
with electrical stimulation of the abducens nucleus. This pre-
sumed antidromic activation might indicate that PT cells termi-
nate in the abducens. Further attempts are currently being under-
taken to verify or nullify this hypothesis.

SIC is a Stipendiat of MaxPlanck Gesellschaft.

CELL TYPES IN THE CAT'S PARABIGEMINAL NUCLEUS. H. Sherk* (SPON:
K. Fukada). Dept. of Neurobiology, Harvard Med. Sch., Boston, MA

The cat's parabigeminal nucleus has very limited connections
with other parts of the brain. It receives input from the ipsi-
lateral superior colliculus (SC), and projects to the ipsilateral
and contralateral SC, and weakly to the ventral C laminae of the
lateral geniculate nuclei (LGN) (A.M. Graybiel, Brain Res. 145:
365, 1978; H. Sherk, J. Neurophysiol. 42:1656, 1979). I have
investigated whether all parabigeminal neurons have similar con-
nections, or whether they form distinct subpopulations.

First, the possibility that there are interneurons in the
nucleus was explored in 2 cats by making massive injections of
horseradish peroxidase (HRP) into the left LGN and both SC's,
with the intent of labeling all parabigeminal projection neurons.
Coronal sections 2 u thick were searched for unlabeled neurons.
A few of these were present in every section, and made up 9% of
the total population. They were small cells, averaging about 13 p
in diameter, compared to 19 u for the labeled projection cells.
In apother experiment, scattered neurons throughout the nucleus
that were similar in size to these unlabeled cells were heavily
labeled autoradiographically by a local injection of 3H-GABA. At
least some small parabigeminal neurons thus appear to take up
GABA selectively.

Since parabigeminal cells send major outputs to both SC's,
an obvious question is whether they do so by way of branching
axons. To answer this, 125I-wheatgerm agglutinin (WGA) was in-
jected in the right SC, and HRP was injected in the left SC. Many
parabigeminal cells were labeled either with peroxidase or auto-
radiographically, but none contained both labels. WGA-tagged
cells were larger than those labeled by peroxidase. It thus ap-
pears that in addition to a modest number of interneurons, the
parabigeminal n. contains a population of large contralaterally-
projecting cells, and a population of smaller, ipsilaterally-
projecting neurons.

Observations on connectivity within the nucleus were made
using the EM. The presence of Type II as well as Type I synapses
gives some support to the hypothesis that the parabigeminal n.
contains inhibitory interneurons. Of the terminals making Type I
contacts, at least some appear to come from the SC, since they
can be labeled by anterograde transport of HRP after tectal in-
jections. Such labeled terminals are sometimes found as the first
elements in axoaxonal synapses, which are fairly common in the
nucleus. An unusual structure also present here is the crest
synapse, and again a labeled tectal afferent sometimes forms the
presynaptic element.

Supported by 1 F32 EY 05296-01
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METABOLIC MAPPING OF POSTNATAL DEVELOPMENT OF AVIAN BRAIN REGIONS
RESPONSIVE TO RETINAL SLIP, Olivia C. McKenna and Josh Wallman.
Dept. of Biology, City College of the City University of New
York, New York, N.Y. 10031

Detection of retinal slip, movement of the visual world on
the retina, is necessary for stabilizing eye movements. A pre-
vious metabolic mapping study demonstrated that in birds infor-
mation regarding vertical retinal slip is transmitted to the
nucleus of the basal optic root (nBOR), a portion of the accesso-
ry optic system, while information regarding horizontal retinal
slip is transmitted to the lentiform nucleus of the mesencephalon
(M), a pretectal nucleus. We report here developmental
differences between tthtwo nuclei.

After injection of = C-2-deoxyglucose, chicks were placed in a
striped drum rotating either vertically or horizontally at 2-4 /
sec, for 45 min., Alternate brain sections were stained or placed
against x-ray film to produce autoradiograms. Since the visual
pathways in chicks are crossed, differential stimulation of the
two eyes results in differential stimulation of the two sides of
the brain. In all situations tested if the eye was covered, no
label was seen in the contralateral brain. Results from 3 to 7
day old chicks were compared to those of 3 to 5 week old chicks.

We found that in the nBOR of older chicks upward moving stimu-
1i resulted in labeling of the dorsal nBOR whereas downward
moving stimuli resulted in labeling of the ventral nBOR. This
functional separation was not detected in the nBOR of younger
chicks. These results suggest the possibility of a postnatal
reorganization of the synaptic afferents within the nBOR.

In the IM, postnatal changes were different. In young chicks
labeling was produced only in the IM contralateral to the eye
viewing temporal to nasal stimulus movement; in older birds both
temporal to nasal and nasal to temporal movement produced label-
ing throughout the contralateral IM. These results suggest that
the IM becomes responsive to nasal to temporal movement after the
first postnatal week and that, unlike the nBOR, units responding
to opposite directions are not separated anatomically, although
we cannot exclude the possibility that developmental changes in
oculomotor responses may account for these results as well.
Supported by NIH EY-03613 and EY-2937,

NASO-TEMPORAL VERSUS TEMPORO-NASAL OKN IN THE CAT. K.P. HOFFMANN,
BIO IV, UNIVERSITAT ULM, D-79 ULM, GFR.

A model based on our anatomical and neurophysiolocical data
from cells in the nucleus of the optic tract (NOT) is proposed
to explain the difference in gain for optokinetic nystagmus
(OKN) with temporo-nasal (nasal) or naso-temporal (temporal)
stimulus movement in cats. The basic assumption in this model is
that stimulus direction in visual space is coded by the activity
in one NOT minus the activity in the other NOT. This signal,
called the NOT-output, is then used to control OKN. Testing OKN
of normal adult cats monocularly shows that the gain is higher
with nasal stimulus movement than with temporal movement. With
nasal stimulus movement each eye strongly activates all units
in the contralateral NOT in two ways, via the direct retino-pre-
tectal fibers and via the binocular cortico-pretectal axons.
With temporal stimulus movement about 40 % of the units in the
ipsilateral NOT are activated, because each eye reaches the
ipsilateral NOT only via binocular cells in visual cortex. As a
consequence of these pathways 60 % of the cells in NOT are mo-
nocularly driven by the contralateral eye and 40 % are binocular
This ratio of .6 : .4 is taken as the relative strength of ret-
inal vs. cortical influence on NOT cells. The maximal output
value which is reached with horizontal movement and binocular
stimulation is set to 1. 0.8 of the NOT-output is supplied by
the activation of one nucleus and .2 by the suppression of spon-
taneous activity in the other nucleus. The contribution to the
NOT-output made up by activation is .8 x .6 from the retinal and
.8 x .4 from the cortical input, the contribution from suppres-
sion is .2 x .6 retinal and .2 x .4 cortical. With monocular
stimulation the NOT-output is dependent on the stimulus direc-
tion and becomes asymmetric. With nasal stimulus direction, the
contralateral NOT is fully activated (.8), the ipsilateral NOT
inhibited only via the cortex (.1). With temporal stimulus di-
rection the contralateral NOT is fully inhibited (.2) and the
ipsilateral NOT activated only via the cortex (.3). These output
values of .9 in nasal direction and .5 in temporal direction are
matched qualitatively by the gain of OKN in the same stimulus
condition. Following from this model, cortical lesions in the
adult or developmental manipulation in young kittens must in-
crease the asymmetry between nasal and temporal OKN.
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FROM LOCAL DIRECTION PREFERENCES TO GLOBAL ROTATION PREFERENCES
IN THE ACCESSORY OPTIC SYSTEM. C. S. Leonard*, J.I. Simpson and
R.E. Soodak*, Dept. Physiol. & Biophys., New York Univ. Med. Ctr.
550 First Avenue, New York, N.Y. 10016

Previous studies from this laboratory have shown that neurons
of the medial terminal nucleus (MTN) of the rabbit accessory
optic system respond preferentially to large, textured visual
stimuli slowly moving in near vertical directions. In this
study we have focused on the spatial distribution of preferred
directions within the receptive field (RF) of MTN neurons and of
neurons neighboring the MTN. Neurons from the latter group
project to the dorsal cap (DC) of the inferior olive. Extra-
cellular recordings were made in anesthetized, pigmented rabbits
presented with stimuli provided either by rear projection onto
a tangent screen or by a planetarium projector. Latencies of
orthodromic and antidromic activation were obtained with
electrical stimulation of the optic chiasm and the ipsilateral
DC. Most neurons recorded within the MTN can be characterized
by a single preferred direction (PD), either up and somewhat
backward or down and somewhat backward, and have their RF in and
above the visual streak. These neurons responded only to stimuli
presented to the contralateral eye and were activated at short,
presumably monosynaptic latencies (1.5-2.5msec) from the chiasm.
Other neurons recorded within the MTN had two distinctly
different PD's in separate regions of their monocular, contra-
lateral RF. That is, in one part of the RF the preferred
direction was up and somewhat backward whereas in the other
part of the RF the preferred direction was down and somewhat
backward. Neurons located outside the MTN, including those
antidromically activated from the DC, were typically binocular,
with one or the other eye dominant. Monocular neurons with one
or two PD's, as well as most contralateral dominant binocular
neurons were activated from the chiasm at latencies in the mono-
synaptic range, thus excluding a purely serial development of RF
organization in which retinal fibers synapse only with neurons
having a single PD. The direction selectivity of neurons with
more than one PD can be characterized by a preferred axis of
rotation. For example, if the PD in the RF region extending from
0° (the nose) to 45° posterior is up and backward, the PD in the
region from 45° to > 160° posterior is down and backward,
resulting in a preferred axis of rotation at approximately 45°
to the midline. 1In short, transformations occurring in the
accessory optic system put retinal signals of local direction
preference into a global form compatible with semicircular canal
signals of rotational self-motion. Supported by USPHS Grant
#NS13742.

INFLUENCE OF STIMULUS VELOCITY ON LGN NEURONS.

G.A. Orban, K.-P. Hoffmann and J. Duysens, Lab. Neuro-
en Psychofysiologie, KULeuven, Campus Gasthuisberg,
Herestraat, B-3000 Leuven, Belgium and Universitit Ulm,
Abt. Vergleichende Neurobiologie, Oberer Eselsberg M25,
D-79 Ulm (Donau), West Germany.

Neurons in the dorsal lateral geniculate nucleus
(LGN) were recorded in paralyzed and anesthetized
(N,0/0,) cats. The influence of stimulus (light or dark
bars) velocity (.18° to 900°/sec) was tested quantita-

tively with a multihistogram technique. Geniculate cells

were classified into X and Y types according to their
conduction velocity, center size, grating resolution
and upper cut-off velocity for stimuli appropriate for
center and surround. Velocity-response (VR) curves were
compared to VR curves obtained under similar circum-
stances for cortical cells (Orban et al., J. Neurophy-
siol., in press and Duysens et al., Neurosci. Abstr.,
this volume). When tested with the center stimulus
(i.e. a light slit for ON center cells) geniculate neu-
rons responded over a wider range of velocities than
cortical cells. More LGN cells responded to the fastest
movement tested (900°/sec) while less responded to the

slowest movement (.18°/sec) which in many cortical cells

elicits nearly maximal response. Consequently hardly
any geniculate cell showed a low pass VR curve, charac-
terized by a general preference for slow movement. Com-
parison of X and Y cells showed that on average X cells
responded to slower movements than Y cells. In particu-
lar all velocity high pass curves belonged to Y cells.
Many X cells had a tuned curve with optimum between 40
and 70°/sec.

In order to evaluate the latency of responses,
spatial lag velocity curves were prepared. These curves
often showed a nonlinearity in Y cells. Such nonlinea-
rities are also seen in many area 18 cells and in some
cells of areas 17 & 19 subserving peripheral vision.
Center stimuli evoked two responses : a main response
with short latency (37-76 msec) and a second with long
latency (80-178 msec). Surround stimuli (i.e. a dark
bar in ON center cell) usually evoked two responses as
well but these had longer latencies and a different
origin than the responses to center stimuli. The dif-
ferentiation between X and Y cells on the basis of
velocity characteristics was enhanced when only the
short latency center response was considered.
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RESPONSES OF CELLS IN THE MONKEY LATERAL GENICULATE
NUCLEUS (LGN) TO LUMINANCE AND CHROMATICALLY-MODUL-
ATED GRATINGS. B.B. Lee, T.R. Vidyasagar* and T.P.
Hicks. Max Planck Institute for biophysical Chem-
istry, D-3400 Gottingen, FRG.

The activity of cells in the parvocellular layers
(PCL) of the LGN may be increased or suppressed acc-
ording to the colour of a stimulus. They might thus
be expected to respond to both luminance and chromat-
ic gratings. Responses to such gratings have been
recorded from the LGN of the anaesthetised macaque.
Sinusoidal grating stimuli were displayed on a tang-
ent screen, colours being generated with interference
filters in the light beams of the projector system.

PCL cells showed no low spatial frequency atten-
uation in their responses to either luminance- or
chromatically-modulated gratings. For most chromatic
gratings, responses of wide-band cells ( WS,+G-R;
WL,+Y-B; Creutzfeldt, O0.D. et al., Exptl. Brain Res.,
35: 527-545, 1979) were less vigorous and such cells
resolved fine gratings less well. With narrow-band
cells (NL,+R-G; NS,+B-Y) responses were enhanced and
gratings better resolved. Magnocellular layer (MCL)
cells responded scarcely or not at all to chromatic
gratings. These results may be explained with ref-
erence to the cells' spectral response characterist-
ics. When gratings of two wavelengths which both
caused neuronal excitation were alternated in a
grating, the cell's responses moved between two ex-
citatory points on the spectral response curve and
modulation of discharge was less than in the lumin-
ance-modulated case. If one of the colours used sup-
pressed the cell's activity, responses were enhanced
in comparison with the luminance-modulated case.

Wide-band and MCL cells resolved much finer grat-
ings than narrow-band cells and it was the resolution
of these cell types which was impaired with chromatic
gratings. The decrease in acuity with chromatic grat-
ings in human psychophysics thus acquires a physiol-
ogical basis. The results are also of interest in
relation to colour contrast phenomena.

EFFECT OF BLOCKING RETINAL ON-CHANNELS WITH AMINOPHOSPHONOBUTYRIC
ACID (APE) ON THE CAT VISUAL SYSTEM. J.C. Horton*©SPON:E.T. Hedley-
Whyte) Dept. Neurobiology, Harvard Medical School, Boston, Mass.

Several months ago Slaughter and Miller reported that APB
selectively blocks the on-channel in the perfused retina-eyecup
preparation from the mudpuppy (Science, 211:182-85, 1981). I
have tested the effect of this drug in the cat by injecting it
into the eye, in the hope of studying the contributions of
separate on and off channels to receptive field properties of
cells in central visual nuclei.

Physiological recordings were made in 6 anesthetized,
paralyzed cats. After the lateral geniculate body was located
with a tungsten electrode, APB was injected into the vitreous of
the contralateral eye and response properties in lamina A and Al
were compared every 10 minutes for any effect produced by the
drug. Within a few hours a striking change in geniculate
properties was observed. The on-response in lamina A was
completely abolished: only off-center cells could be driven by
visual stimulation; cells and multiunit activity responded to a
stationary flashing spot only at light off. Center-surround
receptive field organization of the remaining off-center cells
was preserved, in the sense that a small spot of light evoked a
more vigorous response than a large spot. More subtle changes
in response properti2s may have been present. In two cats, after
onset of the drug's action in the geniculate body, penetrations
were made through the optic tract and recordings obtained from
27 retinal ganglion cell axons; no obvious abnormalities in
receptive field properties were found. Of the 19 fibers from the
normal eye, 7 were on-center and 12 were off-center; all 8 fibers
from the APB-injected eye were off-center. This result was not
unexpected since on-center geniculate cells receive their main
excitatory input from on-center retinal ganglion cells (Hubel §
Wiesel, J. Physiol., 155:385-98, 1961 and Cleland, Dubin, §
Levick, J. Physiol., 217:473-96, 1971)

In a preliminary experiment the effect of APB on the striate
cortex has been tested. Cells were less responsive to stimula-
tion through the APB-injected eye; orientation selectivity did
not seem to be affected. Some changes were noted in organization
of receptive fields. In another cat APB was injected into both
eyes and the animal observed closely for the next 14 hours. No
obvious changes in visually guided behavior were apparent;
careful testing will be necessary to reveal any possible deficit.
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TERMINAL MORPHOLOGY OF PHYSIOLOGICALLY IDENTIFIED X AND Y OPTIC
TRACT AXONS WITHIN THE LATERAL GENICULATE NUCLEUS OF THE CAT.
L.R. Stanford, M. Sur* and S.M. Sherman. Dept. of Neurobiology
and Behavior, SUNY at Stony Brook, Stony Brook, NY 11794.

We have correlated the physiological properties of retinal
ganglion cells in the cat with their morphological pattern of
projection into the lateral geniculate nucleus (LGN). Ganglion
cell axons were recorded within the LGN and in the portion of
the optic tract lying ventral to the LGN. Axons were classified
as X or Y according to standard criteria, including conduction
velocity and spatial summation properties. Physiologically
characterized axons were impaled and iontophoretically injected
with horseradish peroxidase. Brain sections were reacted with
diaminobenzidine, using cobalt chloride intensification,
permitting clear visualization of anterogradely-filled terminal
processes and retrogradely-filled axon trunks.

To date, 10 X and 12 Y axons have been filled and recovered.
Within the optic tract, each X and Y axon has a parent trunk
that issues one or more major branches terminating within the
LGN. Individual Y axons terminate in the main laminae and the
medial interlaminar nucleus (MIN) of the LGN. They then
continue medially and posteriorally to the superior colliculus,
in accordance with a previous description (Bowling and Michael,
Nature, 286:899, 1980). Within the LGN, contralateral Y axons
terminate in lamina A and in the C laminae.

There are several morphological differences between X and Y
axons. Within the optic tract ventral to the LGN, X axons are
thinner and tend to occupy a more dorsal position than Y axons.
X axons have relatively narrow terminal fields. Many X axons
have long cylindrical fields, 100-150 um in width, oriented
perpendicular to the lamination. These lie centrally within
one of the A laminae. Other X axons have shorter terminal fields
that lie predominantly dorsally within a lamina. Y axons have
broader terminal fields. Some Y axon terminations in lamina A
or Al are relatively wide (2400 ym) at the base of the lamina.
Other Y axons have terminal fields that are more cylindrical in
shape and are oriented perpendicular to the geniculate laminar
borders. Within the MIN, Y axon terminations spread predomin-
antly in a dorsoventral direction. In the terminal field, both
X and Y axons become extremely thin, and there is no clear
difference in their width.

Both X and Y axons have small, medium, and large (crenulated)
terminal boutons (Mason and Robson, Neuroscience, 4:79, 1979).
Terminal boutons of X axons tend to occur in clusters more often
than do those of Y axons.

Sponsored by NIH Grant EY03038

W-CELLS IN THE C LAMINAE OF THE CAT'S LATERAL GENICULATE
NUCLEUS: CONTRAST SENSITIVITY AND OTHER RESPONSE MEASURES.

M. Sur*, L.R. Stanford and S.M. Sherman. Dept. of Neurobiology
and Behavior, SUNY at Stony Brook, Stony Brook, NY 11794

W-cells were recorded in the C laminae of the lateral
geniculate nucleus of cats. Parameters studied were: the
latency to optic chiasm, cortical and visual stimulation;
response rate; variability in response; and contrast sensitivity
as a function of spatial and temporal frequency. All cells have
latencies to optic chiasm stimulation >2.0 msec, and most have
latencies >2.5 msec. Some cells can be driven antidromically
from visual cortex with latencies 22.0 msec. About a third of
the neurons cannot be reliably driven by any form of visual
stimulation, but they respond to chiasm shock. Those that can
be visually driven have receptive fields larger than X- or many
Y-cell fields at similar eccentricities. Contrast sensitivity
functions were derived using phase-reversing sinusoidal
gratings. W-cells show either linear or non-linear spatial
summation. Linear and non-linear W-cells are found in roughly
equal numbers. Linear W-cells respond only to the fundamental
temporal frequency of stimulus, have well-defined "null"
positions, and display an approximately sinusoidal dependence
of sensitivity on spatial phase. Non-linear W-cells show
phase~-independent second harmonic responses. A major character-
istic of W-cells is their very poor contrast sensitivity
compared to that of X- or Y-cells. For most visually responsive
W-cells, at 0.85 contrast, spatial resolution is 0.5-1.5
cycles/degree, and temporal resolution is 8-24 Hz. For non-
linear cells, the spatial resolution of the fundamental compo-
nent is lower and the temporal resolution higher than the
second harmonic component of response. Our sample of linear
W-cells includes both "sustained" and 'transient" neurons, while
the non-linear W-cells are "transient". Otherwise, there are
no obvious differences between linear and non-linear cells in
receptive field size, latency to optic chiasm stimulation,
response rate, spatial and temporal resolution, and peak
sensitivity. Cells unresponsive to visual stimulation tend to
have longer latencies to optic chiasm stimulation than do
visually responsive cells.

Sponsored by NIH grant EY03038
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TERMINATION PATTERNS OF SINGLE OPTIC TRACT AXONS OF DIFFERENT
PHYSTOLOGICAL TYPES. Douglas B. Bowling* and Charles R. Michael.
Dept. of Physiology, Yale Univ. Sch. of Med., New Haven, CT
06510.

By recording from single axons in the optic tract of the cat
and injecting them with the marker enzyme horseradish peroxidase,
we have examined their physiological responses and central
structure. Serial reconstructions reveal the courses and des-
tinations of the axons' collaterals, their patterns of arbori-
zation and the three-dimensional distributions of their syn-
aptic boutons. The projection sites and terminal distributions
show consistent patterns that are related to three factors: 1)
eye of origin (ipsilateral vs. contralateral), 2) physiological
classification as Y or X (based primarily on differences in
latency to electrical stimulation) and 3) sign of response to
changing contrast (ON vs. OFF).

The Y axons send collaterals to LGNd (dorsal lateral geni-
culate nucleus), MIN (medial interlaminar nucleus) and SC
(superior colliculus). Those from the ipsilateral eye termin-
ate in lamina A, of the LGNd and in a single layer in the MIN.
Those from the contralateral eye terminate in both laminae A
and C of the LGNd and in two areas of the MIN (medially and
laterally). 1In A and A, the terminal boutons are distributed
across the full width o% a lamina with about 75% of them in the
lower half. The distributions, which contain from 600 to
2,000 boutons, tend to be conical in shape (base at the bottom
of the lamina, apex at the top) for the OFF axons and hour-
glass shaped for the ON axons. The boutons are distributed
laterally (in the plane of the retinotopic map) over 200 to
400 pm.

The X axons project to the LGNd and may or may not send a
collateral into the MIN. Those from the ipsilateral eye ter-
minate in lamina A, and those from the contralateral eye, in A.
The terminal distributions, which span the width of a lamina,
contain from 300 to 1,000 boutons, about 65% of which are in
the upper half. In A the distributions tend to be conical
(base at the top of the lamina, apex at the bottom). In A1
the distributions are basically cylindrical in shape. The
lateral spread of the terminals is 100 to 150 um.

In some experiments injection of an axon results in stained
cell bodies in the LGNd. The axons' terminal boutons are
closely apposed to the proximal dendrites of the stained cells,
suggesting that the staining is transsynaptic and specific for
target cells of the injected axons. We have seen up to eleven
geniculate cells contacted in this way by a single Y afferent.

Supported by NIH Grant EY 00568 and Fight for Sight Grant
F 349.

RETINAL Y-CELL INPUTS TO THE DEEP LAYERS OF THE CAT'S SUPERIOR
COLLICULUS. David M. Berson* and James T. McIlwain, Division of
Biology and Medicine, Brown University, Providence, RI, 02912,

In the cat, retinal W-cell axons terminate near the surface
of the superior colliculus (SC), whereas axons of Y-cells ter-
minate more deeply in the superficial layers. Both of these
direct retinal pathways, as well as a polysynaptic "Y-indirect"
pathway (Hoffmann, '73), have been shown to make excitatory
contact with cells in the upper tectal layers. We now present
evidence that retinal Y-cell pathways also contribute substan-
tial excitatory inputs to the deep collicular strata.

In ketamine anesthetized cats, bipolar stimulating electrodes
were placed in the left optic disc (OD), right optic tract (OT)
and left predorsal bundle. Extracellular activity was recorded
from 163 deep layer cells in the right SC. In most cells (85%),
single shocks to the OD or OT (50 usec, 1-5 mA) elicited a burst
of 1-3 spikes beginning 3-10 msec (X=6.6) after OD and 2-9 msec
(X=5.7) after OT shock. The small latency difference appears
to reflect mediation by rapidly-conducting Y-cell axons (X=42
m/sec), but the absolute latencies indicate that these axons do
not synapse directly upon the recorded cells (Y-indirect path-
way). In a smaller number of deep cells (27%), there appeared,
in addition, a single "early" spike, evoked intermittently but
at a stable latency following OD shock (1.1-3.9 msec, X=2.1) and
OT shock (0.9-2.1 msec, X=1.4). These latencies imply the exis-~
tence of a sparse "Y-direct" input (mean conduction velocity
54 m/sec) making monosynaptic contact with the recorded cells.
This short-latency excitation of deep tectal cells survived
transection of the IIIrd, IVth, ophthalmic Vth and VIth cranial
nerves as well as midpontine pretrigeminal brainstem tran-
section. Hence, it is unlikely that the occurrence of the early
spike following OD stimulation resulted from inadvertent acti-
vation of non-visual fibers in the orbit.

Cells with apparent Y-direct and Y-indirect input were found
throughout the deep layers (laminae IV-VII of Kanaseki and
Sprague, '74). Most of these cells could also be antidromically
driven from the predorsal bundle. Thus, the present findings
demonstrate a major retinal Y-cell influence on output cells in
the deep layers of the cat's superior colliculus. Part of this
influence may be mediated by a direct, monosynaptic projection
from the retina.

Supported by NIH grants EY05425-01 and EY02505-09.
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11.13 TRACING RETINOFUGAL FIBERS IN MAN: PARAPHENYLENE DIAMINE (PPD)
AS A FIBER DEGENERATING STAIN. Alfredo A. Sadun, Lois E. Smith%*,
and Kenneth R. Kenyon*. Massachusetts Eye and Ear Infirmary,
Harvard Medical School, Boston, MA 02114.

Previous investigations of the human visual pathways have
been largely limited by the infeasibility of certain techniques
in man. Single unit electrophysiology and neuron tracer studies
are clearly inapplicable. Most significantly, silver impreg-
nation of degenerating fibers has, for technical reasons, not
been fruitful in man. Compounding the problem has been the lack
of clinically supported autopsy material, poor fixation tech-
niques, and the prolonged survival times inherent in human stu-
dies. Accordingly, the present view of the neuroanatomy of the
human visual system has been formulated from classical observa-
tions of gross pathology, clinical deduction, and inference from
animal studies.

We here demonstrate the use of paraphenylene diamine (PPD)
in conjunction with standard transmission electron microscope
(EM) tissue preparation methods. Osmium precipitates on dege-
nerating neural processes resulting in their dark profile when
examined by EM. PPD chelates osmium and thus becomes a light
opaque marker of degenerating neural processes. Semi-thin epon
embedded sections stained with PPD provide sufficient resolution,
at the light microscope level, for the identification of dege-
nerating axons and axon terminals (Sadun, Brain Res. 1975).

The stain identifies degenerating axons even after survival times
in excess of one year.

Post-mortem case studies are presented of patients with docu-
mented optic nerve lesions. Included is a specimen from a young
woman who died one year after complete transsection of her left
optic nerve. The degenerating ganglion nerve fibers are followed
with PPD and confirmed with EM.. Previously proposed primary
visual projections are confirmed and new retinofugal pathways
(Smith et al., Soc. Neurosci. 1981) are demonstrated with this
method. It is now possible to study, in man, the many retino-
fugal projections and visual nuclei described in animal models.
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CHEMORECEPTOR CHANNEL KINETICS INVESTIGATED IN FEEDING.
J. Zabara and E. Omand. Depts. of Physiology and Biophysics
and Physiology, Temple University Health Science Center,
Philadelphia, PA 19140

A method of channel analysis in chemoreceptor activation is
presented, and is associated with behavioral regulation in feed-
ing. The analysis is based on the recording of membrane noise
which may give information about chemoreceptor action at a mol-
ecular level. 1In this chemoreceptor preparation (fly, Musca),
the specific action of a stimulant molecular species (sugar,
salt or water) may be elucidated as a temporary opening of spec-—
ific channel populations. A microcapillary (100u tip diameter)
containing the stimulus solution, also records the receptor
response which is viewed on an oscillograph. The recorded re-
sponse consists of the receptor potential, spike discharge and
potential oscillations. We observed oscillations in non-spiking
potentials which apparently correspond to the phenomenon of
membrane or synaptic noise as observed in end-plate recordings
such as the locust flight muscle. These oscillations in chemo-
receptor nerves had a direct relationship with exposure to food
deprivation or a normal light cycle. For instance, the oscilla-
tions increased with food deprivation, and they were diminished
in darkness. By recording simultaneously DC at low gain and
AC (TC = 1 sec.) at high gain we could visualize the correspond-
ing DC correlate of these oscillations. In correspondence with
membrane noise, we might expect these oscillations to represent
step-function potential changes corresponding to opening or clos-
ing of channels. This is supported by our observations relating
AC and DC recordings. Further, the step-like potentials are
directly proportional to the rise-time and magnitude of the os-
cillations. Also, the oscillations exhibit both positive and
negative polarities which reflect the polarity of the step-like
potential change. In the course of long term stimulation, per-
iods of oscillation alternate with those periods which are os-
cillation free. So that the oscillations appear to represent
fluctuations in the number of open channels involved in the gen-
eration of the receptor potential. Thus, in the presence of a
stimulant molecule, channels continue to be transiently opened,
and a steady membrane .potential change obtains. The receptor
potential changes due to fluctuations in the number of open
channels which appear to represent a rectangular conductance
pulse. A model is described linking receptor activation (A) and
channel dynamics: A = jr'gg . [}zl) 8 (2y) ® ...e(zn)] 4z

dz

Where: E = the excitapility state as measured as a function of
the receptor potential; Z = receptor-channel equivalence; and @
is an equivalence operator. Supported by NIH Grant NS14209

LESIONS OF THE DORSAL BRAIN STEM DISRUPTS FOOD INTAKE AND BODY
WEIGHT IN RATS: PARALLELS TO THE LATERAL HYPOTHALAMIC SYNDROME.
Robert J. Contreras, Ellen E. Fox* and Margaret L. Drugovich*.
Dept. of Psychology, Yale University, Box 11A Yale Station, New
Haven, Ct 06520.

Research on the mechanisms of hunger has focused mostly on
the lateral hypothalamus (LH) principally because bilateral le-
sions of the LH result in aphagia, anorexia and body weight loss
(Anand & Brobeck, 1951). This is followed by the recovery of in-
gestive behaviors (Teitlebaum & Epstein, 1962), although LH le-
sioned rats maintain their body weights at subnormal levels.
Powley and Keesey (1970) demonstrated that food depriving rats to
80% of their normal body weights prior to surgery shortened the
period of aphagia and anorexia, although they still maintained a
lowered body weight maintenance level similar to that of nonde-
prived lesioned rats. Since lesions to the dorsal brain stem al-
so lead to chronic reductions in body weights (Contreras &
Stetson, 1981), we examined the effects of preoperative food de-
privation on food intake and body weight levels after brain stem
lesions.

Of the 18 rats that were to receive lesions, 9 were reduced to
80% of their initial body weights by food deprivation, and the
other 9 were fed ad libitum. Of the 12 rats that were to receive
sham lesions, half were similarly food deprived and the other
half fed ad libitum. Lesions were effected by a 28 gauge aspira-
tion tube. After the operations body weight and food and water
intakes were monitored for one month.

Lesions of the dorsal brain stem resulted in dramatic reduc-
tions in body weight that were never recovered. The nondeprived
lesioned rats were anorexic for 10+2 days postoperatively during
which time they lost an average of 80 g. The food deprived rats
did not display postlesion anorexia and they gained an average of
20 g in the 10 days after surgery. The average body weights of
these 2 lesion groups converged 5 days after surgery and were
maintained at a constant percentage (76%) of the body weight le-
vels of nondeprived sham rats for the last 20 days of the obser-
vation period. Furthermore, 6 days after surgery the average bo-
dy weights of the two sham groups were not significantly differ-
ent from each other.

These findings suggest that rats with lesions to the dorsal
brain stem, which includes the area postrema and medial parts of
the nucleus of the solitary tract, 2djust their food intakes to
maintain their body weights at a lower level, findihgs like those
obtained following LH desions. Our results do not challenge ne-
cessarily the preeminence of the LH in feeding behavior, but sug-
gost that there may be redundancy in controlling mechanisms re-
minriscent of Jackson's principle of hierarchial organization.
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INCREASED BRAIN SEROTONERGIC ACTIVITY ASSOCIATED WITH CANCER
ANOREXTA. W. T. Chance, M. von Meyenfeldt and J. E. Fischer*.
Dept. of Surg., Univ. of Cinti. Med. Ctr., Cincinnati, OH 45267.
Since increased brain serotonergic (5-HT) activity has been
associated with reduced eating, the role of 5-HT in cancer anor-
exia ‘was investigated. Previously, we observed elevated brain
tryptophan (Trp) and 5-hydroxyindoleacetic acid (5-HIAA) in im-
mature female rats that became anorectic 6 days after the in-
jection (im.) of 5 X 10" Walker (W) 256 carcinosarcoma cells.
To provide a more general demonstration of this phenomenon, we
fluorometrically assayed brain indoles in 8 adult male rats
injected (sc.) with 2 X 106 methycholanthrene (MCA)-induced
sarcoma cells. Saline-injected control rats were divided into
freely-feeding (FF, n=8) and pair-fed (PF, n=8) groups. Food in-
take was significantly decreased in tumor-bearing (TB) rats by
day 23 post injection, with all rats being sacrificed on day 33.
As in the W 256 model, plasma total Trp and albumin were reduced,
while plasma free (unbound) Trp was elevated in TB rats. Brain
Trp, 5-HT and 5-HIAA were also significantly increased in TB
rats. To determine which brain areas exhibit the greatest
changes in indole activity, we next assayed levels of Trp, 5-HT
and 5-HIAA within both W 256 (n=8) and MCA (n=8) sarcoma lines
as well as in FF (n=16) and PF (n=16) control rats in the fol-
lowing regions: hypothalamus, cortex, corpus striatum, hippo-
campus, mesencephalon, pons-medulla, cerebellum and remaining
diencephalon-telencephalon. Tumors were induced as in previous
experiments, with W 256 rats being sacrificed 1 day prior to
their normal spontaneous death on day 10 and MCA rats killed
after a TB rat exhibited 2 consecutive days of ad 1ib. food in-
take less than 2 g. In the W 256 model brain Trp was signifi-
cantly increased in diencephalon-telencephalon, mesencephalon,
cerebellum, cortex, hippocampus, hypothalamus and corpus stria-
tum of TB rats. 5-HT was elevated in TB rats in the diencepha-
lon-telencephalon and cerebellum, while increases in 5-HIAA
were observed in the cortex, hippocampus, diencephalon-telen-
cephalon, pons-medulla and cerebellum. In the MCA rats, Trp
was elevated only in the diencephalon-telencephalon and corpus
striatum of TB rats. Significantly increased 5-HT was observed
in all areas except the hypothalamus and mesencephalon, while
5-HIAA was elevated in all areas except the hypothalamus. Thus,
these data suggest that increased brain 5-HT activity in can-
cer anorexia is a general phenomenon. The absence of 5-HT
changes in PF rats indicates that the biochemical alterations
are not resultant from decreased food intake. Finally, the
greater CNS regional changes in 5-HT with MCA tumors may re-
flect the more prolonged anorexia and greater cachexia suffered
by these rats. Supported by USPHS grant CA 25786.

REVERSAL OF HYPOTHALAMIC HYPERPHAGIA AND OBESITY FOLLOWING LE-
SIONS OF THE AP-cmNTS. Thomas Hyde*®, Ricardo Eng, and Richard
R. Miselis. (Spon.: R.O. Davies), Inst. Neur. Sci., Anim. Bio.
Sch. Vet. Med., Univ. Penn., Philadelphia, PA, 19104. k
The area postrema (AP) lies at the caudal end of the fourth
ventricle on the dorsal medulla. The caudal medial zone of the
nucleus of the solitary tract (cmNTS) lies ventral and lateral
to the AP. Recent anatomical studies (Coil and Norgren, 1978)
have shown that the AP and the cmNTS receive an intense afferent
input from the subdiaphragmatic vagus. We have previously re-
ported (Hyde and Miselis, 1980) that AP-cmNTS lesions cause a
transient hypophagia and permanently reduced body weight in
adult male albino rats. Furthermore, the lesions cause a poly-
dipsia and enhanced salt appetite secondary to polyuria and uri-
nary sodium loss. The disruption in food and water intake and
body weight loss support the hypothesis that the sensory input
to this region is vital for normal fluid and energy balance.
Discrete lesions of the AP-cmNTS provide a "central vagotomy"
preparation in which the role of visceral sensory input in in-
gestive behaviors can be assessed without the confounding motor
deficits inherent in the subdiaphragmatic vagotomy preparation.
We tested this hypothesis using the hypothalamic knife-cut in-
duced hyperphagia and obesity model (Gold et al., 1977). Hypo-
thalamic hyperphagia and obesity is reversed by subdiaphragma-
tic vagotomy (Powley and Opsahl, 1974; Sawchenko and Gold, 1981)
Adult male Sprague-Dawley rats with parasaggital hypothalamic
knife cuts became hyperphagic and obese. The knife-cut rats in-
creased their weights by u4.5% over an 8 week period while the
shams only increased their weights by 31.0%. AP-cmNTS lesions
reversed the hyperphagia and obesity caused by the knife cuts,
with body weights falling 32% over 5 weeks, back to the pre-
knife cut level. Conversely, rats given AP-cnNTS lesions first
never became hyperphagic or obese after knife cuts. These find-
ings are similar to the subdiaphragmatic vagotomy effects on
knife-cut obesity and VMH obesity. This supports the hypothesis
that sensory input into the AP-cnNTS is vital for the expression
and maintenance of hypothalamic hyperphagia and obesity. Alter—
natively, this lesion could be interrupting GI motor reflex arcs
passing through the AP-cmNTS and out through the subdiaphragma-
tic vagus. Such loops could be vital to normal GI motor func-
tion. However, AP-cmNTS rats respond to food deprivation with a
transient hyperphagia and gain weight at a heightened rate on a
high fat diet. Studies using a "supermarket diet" to induce o-
besity, as well as an assessment of GI function in rats with an
AP-cnNTS lesion are in progress to evaluate these possibilities.
Thus, the AP-cmNTS lesion preparation may allow the study of
visceral sensory function in ingestion without motor deficits.
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TASTE REACTIVITY OF LATERAL HYPOTHALAMIC LESICNED RATS: EFFECTS
OF DEPRIVATION AND TUBE FEEDING. Steven J. Fluharty* and Harvey
J. Grill (SPON: C.R. Gallistel). Dept. of Psych. and Inst. of
Neurol. Sci., Univ. of Penn., Phila., PA 19104.

Large bilateral lesions of the lateral hypothalamus (LHX)
result in total cessation of ingestive behavior (Stage I). The
specific nature of the ingestive deficits has not been system-
atically analyzed because existing tests require spontaneous
ingestion. By utilizing a methodology that directly presents
stimuli to the oral cavity we have examined the consumatory
behavior of Stage I LHX-rats. We report that the taste reactiv-
ity (TR) and ingestion of orally infused substances appears
normal in LHX-rats after food and water deprivation. Conversely,
while tube feeding has no effect on these measures in intact rats,
it results in a dramatic disruption of ingestion in LHX-rats.

Eighteen male rats received bilateral LH lesions. Pellets,

a moist cereal, and HZO were available ad 1ib and intakes were
monitored daily. LHX-rats also received an average of 1 daily
12ml intragastric meal (sweetened condensed milk + water).
Assessment of TR and intake of orally infused H,0 or sucrose
(1.0M) began on the second post-surgical day. Sfow motion analysis
of videotapes was used to categorize the orofacial compouents
elicited by intraoral injections of sucrose, NaCl, quinine, and
water. Consumption of H,0 and 1.0M sucrose (1.0ml orally infused
over 1 min) was also determined.

The average duration of adipsia and aphagia following lesions
was 18.7+4.6 and 7.840.9 days, respectively. During this time
and under conditions of 24hr food and water deprivation, LHX-rats
exhibited normal TR and ingested 0.734+0.10 ml of H,0 and
0.98+0.01 ml of 1.0M sucrose. Conversely, when tested 90 mins
after a tube fed meal, all LHX-rats passively or actively
rejected H,0 and 13 of 18 animals demonstrated components of
rejection sequences to all tastes examined. Further, ingestion
of water was eliminated (0.05+.02ml) and 1.0M sucrose substan-
tially reduced (0.36+0.08ml). This tube feeding effect does not
appear to result from 1) the tubing procedure, or 2) GI disten-
sion because "dry-tubed" LHX-rats and those tubed 0.2M mannitol
exhibit normal TR and ingestion. Collectively, these results
suggest that the rejection of orally infused H,0 and taste
stimuli that results from intragastric feeding in Stage I LHX-
rats may result from exaggerated sensitivity to some post-
absorptive consequence(s) of the meal. As such, these data
further suggest that aphagic and adipsic LHX-rats may possess
greater regulatory capacity than originally assumed.

Supported by AM 20397 and ITG MH 15092.

HYPERDIPSIA AND ENHANCED SODIUM APPETITE AFTER AV3V LESIONS 1IN
RATS. Edward M. Stricker and Thomas W. Gardiner®, Dept. of
Psychology, Univ. of Pittsburgh, Pittsburgh,PA, 15260.

Large ablations of the anteroventral third ventricle (AV3V)
region of the forebrain result in a transient adipsia and
permanent loss of the drinking response of rats to a salt load
(Buggy and Johnson, AJP 233:R44, 1977). With more discrete
lesions centered near the ventral portion of nucleus medianus,
we find that some animals become adipsic and later exhibit
drinking deficits, while other rats with similar 1lesions become
markedly hyperdipsic and usually do not show drinking deficits.
Of 53 lesioned rats examined thus far, 18 exhibited hyperdipsia,
7 after a period of adipsia. Their mean daily water intakes
ranged from 90 to 148 ml, 2-3 times those of control animals,
throughout the 90 day period of observation. Almost all of this
excess consumption occurred at night. Preliminary experiments
suggest that the hyperdipsic rats do not have diabetes insipidus
because urine volumes during overnight fluid deprivation were

comparable to control values. Furthermore, hyperdipsic rats
given hypertonic NaCl solution by sc injection excreted a
concentrated wurine. They excreted this sodium load much more

slowly than control animals, however, and the degree of sodium
retention correlated highly with the magnitude of hyperdipsia.
These findings suggest that the hyperdipsia may be provoked by a
prolonged retention of the sodium ingested in chow. However,
rats remained hyperdipsic whether deprived of food overnight or
maintained on a sodium deficient diet.

Another phenomenon observed in several lesioned animals was an
unusually large consumption of hypertonic (.5M) NaCl solution.
Control rats usually ingest less than 5 ml of this unpalatable
fluid daily, whereas 6 of 8 rats that were hyperdipsic when given
water alone consumed between 10 and 35 ml of saline each day.
Although these intakes are comparable to those of
adrenalectomized rats, renal sodium losses during 24 ~hr sodium
deprivation were normal,and both renin and aldosterone values
were not elevated. Also, preliminary measures of plasma sodium,
plasma protein, and hematocrit yielded values comparable to those
for controls. The basis for this excessive drinking of saline,
as well as the hyperdipsia, remains to be investigated.

Supported by NIMH Grant MH-25140.
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HYPERPHAGIA AND OBESITY PRODUCED BY UNILATERAL HYPOTHALAMIC
KNIFE CUTS IN THE RAT. Anthony Sclafani and Psul F. Aravich*.
Dept. of Psychology, Brooklyn College, Brooklyn, N.Y. 11210.

Unilaeteral parasagittal knife cuts between the medial and
lateral hypothalarus did not significantly alter food intake
or body weight in chow-fed female rats, whereas bilateral knife
cuts induced a robust hyperphagia and obesity. When switched
to a high fat chow, however, the unilateral cut rats (n=10)
overate and outgained control subjects (n=8), although their
food intake and weight gain was still considerably less than
that of the bilateral cut rats {n=8). The unilateral cut rats
further increased their food intake and weight gain when given
e mixed palatable diet (MPD: chocolate~chip cookies, sweetened
milk, high fat chow), and they eventually reached a level of
obesity (728 g) only slightly less than that of the bilateral
cut rats (761 g), and significanly higher than that of the
controls (572 g). Although initially their caloric intake on
the MPD was similar (198 vs 206 kcal/day), the unilateral and
bilateral cut rats differed in their selection of foods.
Compared to controls, the unilateral cut rats overate the MPD,
but the food selections of the two groups were similar. When
switched from the MPD back to the high fat chow, the unilateral
cut and control groups lost weight (69 vs Wk g/30 days, n.s.),
whereas the bilateral cut group gained weight (62 g/30 days).
Therefore, aslthough the unilateral cut rats became as obese as
did the bilateral cut rats on the MPD, the two groups differed
in seversl respects. As previously observed, control rats
gained excessive weight on the high fat chow and especially on
the MPD, and the effect of the unilateral knife cuts was to
potentiate this diet-induced obesity.

CONSUMMATORY BEHAVIORS AND WHEEL RUNNING ACTIVITY IN THE RAT FOL-
LOWING INTRAHYPOTHALAMIC INJECTIONS OF KAINIC ACID. M. Kalamati-
zadeh*, K. Sharifi Hossaini and M.S. Shahid Salles. Department of
Physiology and Pharmacology, Shiraz University School of Medicine
Shiraz, Iran.

Electrolytic lesions of the lateral hypothalamus (LH) produce
aphagia, adipsia and akinesia. These have been interpreted as in-
dicating the presence of eating, drinking centers and cells con-
trolling locomotion within the lateral hypothalamus. We have pre-
viously shown that selective destruction of dopaminergic cells in
or outside of the '"mid lateral" hypothalamus reproduce the same
syndrome, while a non-selective chemical lesion of monoaminergic
cells did not reproduce the lateral hypothalamic syndrome. This
finding supported the regulatory role of cells in the LH area in
the control of ingestive behavior and locomotor activity. In or-
der to further examine this hypothesis we have studied the behav-
ior of rats following intrahypothalamic injections of kainic acid
(KA). Kainic acid was dissolved in 0.9% NaCl (10 nM/l1 pl) and ad-
ministered over 240 sec in 25 rats. Rats given KA in the "mid
lateral" hypothalamus showed lasting aphagia, adipsia and
akinesia which invariably was lethal. Injections in the postero-
lateral hypothalamus encroaching on pars reticularis of substan-
tia nigra produced permanent hyperdipsia without a significant
change in locomotor activity or in food intake. Hyperdipsia dis-
appeared during food deprivation and was absent when hypertonic
saline was injected intraperitoneally. The fact that hyperdipsia
was obtained in the absence of change in food intake and locomo-
tion suggests that water intake is modulated by neurons in sub-
thalamic region projecting to the LH area.
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GLUCOPRIVIC FEEDING: PREVENTION BY PERIPHERAL BUT NOT BY
CENTRAL SUGAR INFUSIONS. Robert C. Ritter. Department of
Veterinary and Comparative Anatomy, Pharmacology and Physiology,
College of Veterinary Medicine, Washington State University,"
Pullman, WA 99164 and WOI Regional Program in Veterinary Medi-
cine, University of Idaho, Moscow, ID 83843.

Peripheral injections of antimetabolic glucose analogues,
such as 2-deoxyglucose (2DG) or 5-thioglucose (5TG) cause
increased feeding in a variety of mammals. The fact that intra-
cerebroventricular (ICV) glucose analogue infusions also elicit
feeding suggests that at least some of the glucoreceptors which
mediate glucoprivic feeding are in the brain. Recent findings
from my laboratory indicate that the receptors which mediate
feeding in response to central glucoprivation are in the caudal
brainstem (Slusser, Stone and Ritter, Neuroscience Abst 49.4,
1980). However, our findings do not rule out the participation
of non-brain glucoreceptors in the control of glucoprivic
feeding. Neither do our results prove that brain glucoreceptors
are responsible for mediation of feeding in response to whole
body glucoprivation.

In order to determine whether feeding in response to cere-
bral glucoprivation could be antagonized by elevation of plasma
sugar concentrations, we examined the effects of intravenous
infusions of 1.2 M glucose, 1.2 M fructose or 0.6 N NaCl upon
feeding elicited by ICV 5TG. We found that feeding elicited by
ICV 5TG is abolished by IV glucose but not by fructose or NaCl.
The differential effects of glucose and fructose upon feeding
elicited by central 5TG are similar to those reported by Row-
land and Stricker for feeding elicited by peripheral 2DG. How-
ever, we also found that plasma catecholamine elevation elicited
by ICV 5TG was not suppressed by intravenous glucose or fruc-
tose. This result may mean that glucose-induced prevention of
feeding is affected at a site more accessible to blood born
glucose (e.g. hepatic receptors) than that which contains the
receptors mediating sympathoadrenal discharge. In fact we have
found that ICV infusions of glucose (0.125 or 1.2 M) or fructose
(0.25 M) fail to suppress feeding in response to peripherally
administered 2DG. This result might support the existance of
peripheral glucoreceptors for feeding. However, ICV sugar
infusions also failed to prevent sympathoadrenal hyperglycemia.
Therefore, it is also possible that ICV sugars do not reach
the brain glucoreceptors in concentrations sufficient to antago-
nize the highly competitive glucose analogue. Experiments now
in progress will differentiate between these alternative inter-
pretations.

FACTORS INVOLVED IN THE CONTROL OF DELAYED GLUCOPRIVIC FEEDING
AND POSTGLUCOPRIVIC HYPOTHALAMIC NOREPINEPHRINE TURNOVER. Steven
1. Bellin and Sue Ritter, College of Veterinary Medicine,
Washington State Univ., Puliman, WA 99164.

In rats, delayed glucoprivic feeding (DGF) can be demon-
strated from 6-8 hr after a large insulin dose (Ritter et al, Am.
J. Physiol., 234:E617-E621, 1978) when other signs of gluco-
privation are no longer in evidence. Elevated rates of hypo-
thalamic norepinephrine (NE) turnover are also associated with
glucoprivation and, 1ike enhanced feeding behavior, persist into
the postglucoprivic period. The ingestion of isocaloric (7.9
Kcal) pelleted rodent chow or D-glucose (10.5 ml, 18% w/v solu-
tion), as well as the intravenous infusion of calorically equiv-
alent glucose (4.4 ml, 2.4M) or DL-g-hydroxybutyrate (BOH, 5.1 ml,
2.4M) solution, from 1 1/2-2 hr following 2.5 U/kg regular
insulin (s.c.), normalize apparent rates of hypothalamic NE turn-
over. However, isocaloric fructose solutions, [ingested (10.5
ml, 18% w/v) or infused (4.4 ml, 2.4M)] or ingestion of fat (7.9
Kcal lard) or saccharin, do not. These data suggest that resto-
ration of a fuel available to brain tissue is both necessary and
sufficient to normalize NE turnover rates after insulin. Simi-
larly, DGF is abolished by ingested chow, ingested glucose
or infused BOH. However, glucose infusion has no effect on DGF.
Moreover, ingestion or infusion of fructose or ingestion of lard
(7.9-47 Kcal) significantly attenuates, but does not abolish,
DGF. Thus, in contrast to postglucoprivic NE turnover, it would
appear that the abolition of DGF requires cooperative action of
signals arising from receptors on both sides of the blood-brain
barrier. If so, the effectiveness of ingested pellets or glucose
and of infused BOH in abolishing DGF would reflect their access
to receptors on both sides of the blood-brain barrier. The
failure of fructose and fat to totally abolish DGF may reflect
the exclusion of these nutrients from brain. However, their
partial effectiveness supports the hypothesis that a signal of
peripheral origin contributes to the termination of DGF. The
differential effects of ingested and infused glucose on DGF are
puzzling and may indicate that preabsorptive signals are required
for termination of DGF by glucose. We hypothesize that orogas-
trically-mediated insulin release is a. likely candidate for such
a signal. Finally, the dissociation of feeding and enhanced NE
turnover in these experiments suggests that NE neurons may not
play a causal role in the termination of DGF.

S.I. Bellin now at Dept. of Psychology, University of Iowa.

12.10 OROGASTRICALLY-MEDIATED INSULIN RELEASE MAY BE REQUIRED FOR

TERMINATION OF DELAYED GLUCOPRIVIC FEEDING BY GLUCOSE.
Sue Ritter and Nancy L. Pelzer*. Coll. Vet. Med., Wash. State
Univ., Pullman, WA 99164.

Enhanced feeding in response to glucoprivation can still be
observed from 6-8 hr after insulin or 2-deoxy-D-glucose (2DG),
even though blood glucose has returned to normal levels. In
fact, when food is withheld for 6 hr after injection of insulin
or 2DG, rats consume as much in the 2 hr postglucoprivic feeding
test as they do when food is continuously available during on-
going glucoprivation. This phenomenon is now referred to as
delayed glucoprivic feeding (DGF). Recently, we reported that
intravenous infusion of glucose from 1 1/2-2 hr after insulin
fails to prevent DGF. Nevertheless, ingestion of an equivalent
amount of glucose (7.9 Kcal) over the same time period abolishes
DGF. DGF is also abolished when glucose infusion is accompanied
by the ingestion of a saccharin solution, even though each sub-
stance by itself is without effect. Thus, it appears that gluco-
restoration must occur in combination with some orogastrically-
mediated signal in order to terminate DGF. We have hypothesized
that orogastrically-mediated insulin release may be the required
signal, since other investigators have shown that postglucoprivic
release of endogenous insulin is stimulated more effectively by
ingested than by infused glucose. As a partial test of this
hypothesis, we generated tolerance curves for ingested and
infused glucose in normal rats and in rats exposed to insulin-
induced glucoprivation. Glucose was administered 3 1/2-4 hr
after insulin injection when exogerous insulin had disappeared
from blood, as determined by radioimmunoassay. We found that
after prior glucoprivation, clearance of both ingested and
infused glucose was significantly impaired. After glucose
infusion, however, the impairment was more pronounced. Moreover,
infusion of glucose in combination with epinephrine, which is
known to be elevated by glucoprivation and to inhibit glucose-
stimulated insulin release mimicked the effect of prior gluco-
privation. The differential clearance of infused and ingested
glugose from blood would be compatible with a greater stimulation
of insulin release by ingested glucose. If this hypothesis is
porn out by additional experiments, we might speculate that
1qsu11n suppresses DGF by making glucose available to peripheral
tissues. Data we have recently reported indeed suggests that DGF
is gbolished only by restoration of nutrients to both brain and
peripheral tissues. The fact that DGF can be abolished by g-
hydroxybutyrate infusion, while infused glucose is ineffective,
is compatible with this view as well, since g-hydroxybutyrate can
be utilized by brain tissue and, in addition, does not require
insulin for its uptake by peripheral tissues.

CHRONIC DECEREBRATE RATS DEMONSTRATE PREABSORPTIVE INSULIN
SECRETION AND HYPERINSULINEMIA. Harvey J. Grill and Kent
Berridge*, Dept. Psychol. and Inst. Neurol. Sci., U. Pennsylvania,
Philadelphia, Pa. 19104.

The role of the forebrain in regulating tonic insulin secre-
tion, and of the caudal brainstem in analyzing and relaying gust-
atory information to the pancreas was examined in 15 chronic de-
cerebrate rats. Supracollicular decerebration resulted in a dra-
matic and persistent rise in plasma insulin levels, which lasted
throughout the 2 week period examined after transection. Base-
line levels rose from 1-2 ng/ml to 4-8 ng/ml. This hyperinsulin-
emia was accompanied by intermittent glycosuria and was abolished
by a 22 hr fast. In contrast, hemidecerebration produced only an
occasional and transient rise in insulin secretion, which disap-
peared within 2 weeks, and was not accompanied by glycosuria. In
spite of the metabolic disturbance displayed, evidence was obtain-
ed that the 22 h fasted decerebrate retains the capacity to res-
pond to an oral glucose infusion (2.76 M) by rapidly increasing
its plasma insulin levels by 1-3 ng/ml, prior to glucose absorp-
tion. These data suggest that a mechanism for analyzing taste
information and neurally activating insulin secretion is complete
within the caudal brainstem. Procedure: 15 male rats were
maintained on a sweetened condensed milk diet for 3 days before
duplicate 200 ul tail-blood baseline samples were taken, and
urine was collected. Rats were then hemidecerebrated at midbrain
level by blunt spatula transection. Urine and blood samples were
taken at days 2,7,and 14 after hemitransection. Decerebration
was then completed and rats were subsequently maintained by intu-
bation. Urine and blood samples were taken at days 2,7, and 14
after this second stage transection. After 2 weeks, surviving
rats were implanted with oral and jugular cannulae, and given 2
days to recover before being run in our standard preabsorptive
insulin response test (Berridge, Grill, § Norgren, 1981): a 200ul
baseline blood sample was taken via jugular cannula, and 1 ml of
a 2.76 M glucose solution was infused into the mouth over 1 min.
Blood samples were taken each min for the first 5 min, and every
other min for the next 4. A no-stimulus control test was run 2
days later. All blood samples were centrifuged, and the plasma
radioimmunoassayed for insulin and assayed for glucose. Urine
was tested for glucose using Multistix test strips.

(Supported by NIH grant AM-20397 and by the Diabetes Center of
the University of Pennsylvania.)
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VASOPRESSIN POTENTIATION IN THE PERFORMANCE OF A LEARNED
APPETITIVE TASK. G.F. Koob, A. Ettenberg, M. Le Moal, and
F.E. Bloan. A.V. Davis Center for Behavioral Neurcbiology, The
Salk Institute, San Diego, California 92138.

Recent research has provided evidence of a role for the
neurohypophyseal hormone vasopressin (AVP) in memory
consolidation. However, the putative involvement of AVP in
memory is based almost entirely on data drawn from paradigms
employing aversively motivated tasks (e.g. conditioned avoidance
paradigms). If AVP has general memory-enhancing properties, this
should be demonstrable using a positively motivated (appetitive)
task.

Naive male albino rats were individually placed into a large
rectangular open box for 5 min. each. Recessed into the middle
of one of the long walls of the box was an alcove that contained
a standard metal drinking tube filled with water. While the rats
all found and inspected the tube, none consumed any measurable
amount of water during the 5 min. exposure. Upon removal from
the box, the rats were treated with one of the following four
injection procedures: a saline injection followed, 2 min.
later, by another injection of saline (SAL/SAL); saline followed
by a 1.0 pg injectign of AVP (SAL/AVP); a 5.0 pg dose of the AVP,
receptor antagonist |l1-deaminopenicillamine, 2-(o-methyl) tyrosiné
arginine vasopressin, followed by a 1.0 ug injection of AVP
(RAAVPs /AVP) or a 25.0 pg dose of the antagonist followed by 1.0
ng of AVP (AAVP,;/AVP). Immediately after this injection
regimen, animals in all four groups were water deprived for 48h.
The rats were then returned to the test box where the latency to
make initial contact with a dry drinking tube was recorded for
each animal.

When tested in this "latent learning"” paradigm, AVP during
training produced reliable improvement (faster latencies) in
finding the water tube during a memory test conducted two days
later. This effect was blocked by 25.0 pg of the AVP receptor
antagonist but not by 5.0 pg. These results are, therefore,
consistent with the view of an AVP involvement in memory
consolidation.

This research was supported by federal grants NIDA 01785 and
NIAAA 03504.

ANTINOCICEPTIVE EFFECTS OF CENTRAL AND SYSTEMIC ADMINISTRATION
OF LYSINE VASOFRESSIN AND STRUCTURAL ANALOGS., J. H, Kordower,
V. Sikorszky,* J, Cort* and R, J, Bodnar. Dept. of Psychology,
Queens College, CUNY, and Dept. of Physiology, Mount Sinai Medi-
cal School, New York, NY.

The magnocellular neurosecretory peptide vasopressin is also
distributed in such extrahypothalamic regions as the periaque-
ductal gray and substantia gelatinosa, suggesting a role in pain
perception.l; 2 This notion is supported by the observation
that Brattleboro rats, deficient in vasopressin, display hyper-
algesia selective analgesic deficits.3 Moreover, Berntson
and Bersont found that systemic and central injections of vaso-
pressin at doses of 16-100 ug increased teil-flick latencies,
The present study extended these findings to physiological doses
and sought to establish structure-activity relationships of vaso-
pressin'’s anti-nociceptive effects. Pain thresholds were deter-
mined over six 2-trial sessions spaced 5 min apart as measured
by the tail-flick and flinch-jump tests. Following baseline,
nanogram doses of lysine vasopressin (LVP) or its prolonged
anelog was administered either intracerebroventricularly (0, 150,
500 ng/5 ul) or subcutaneously (0, 150, 500, 1500 ng/5 ul) 5 min
prior to the fourth session. Injection order was incompletely
counterbalanced and administered on alternate days, Tail flick
latencies of 8 rats were significantly increased by central LVP
10 and 15 min following the 150 ng dose, and at 5, 10 and 15 min
following the 500 ng dose, Systemic LVP increased tail-flick
latencies 15 min following the 1500 ng dose. The prolonged LVP
analog increased tail-flick latencies of 8 other rats only after
central administration., However, it was effective at both doses
across all post-injection intervals, Vehicle injections failed
to alter latencies. By contrast, neither systemic nor central
injections of LVP or its prolonged analog changed flinch-jump
thresholds of 10 rats at any dose or post-injection test time,
These results indicate that the anti-nociceptive effects of LVP
are modality-specific and selective for noxious thermal, as op-
posed to electrical, stimuli. Given the dose and time course of
vasopressin's effects, it appears that the antinociception is
mediated by central mechanisms, Ongoing research with LVP ana-
logs that selectively inactivate the acetyl or carboxyl termin-
als of the peptide chain will further define vasopressin's anti-
nociceptive effect. (Supported by NIH Grants NS 14kk9 and
9505RRO706k., )
lswanson, L. W., Brain Res. 128 (1977) 346-353.
©Nilaver et al,, Neuroendoerin, 30 (1980) 150-158,
3Bodnar et al.,, Life Sciences 26 (1980) 1581-1590.
bperntson and Berson, Life Sciences 26 (1980) 455-k59,

13.2 BRATTLEBORO RATS, WHICH CONGENITALLY LACK VASOPRESSIN,
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ARE HYPERRESPONSIVE TO ELECTRICAL SHOCK AND ACOUSTI-
CAL STIMULATION. D.M. Gash and P.H. Warren.* (Spon.
by Dr. Wayne Hoss). Depts. of Anatomy, Center for
Brain Research, and Psychology, University of
Rochester, Rochester, NY 1u642,

Studies over the past decade from several labora-
tories have demonstrated that the neuropeptide hor-
mone vasopressin (VP) has significant behavioral
effects and may be involved in memory and learning
processes. Since these studies have largely relied
upon shock motivated behavior, an important issue to
be addressed is the role of VP in an animal's re-
sponse to painful or stressful stimuli.

In the present study we employed a sensitive
quantitative test, based upon the startle response,
to assess responsiveness to an electric shock and an
acoustic stimulus. We compared the responsiveness of
animals lacking the ability to synthesize VP (homo-
zygous Brattleboro rats) with animals that do synthe-
size VP (heterozygous Brattleboro rats). Thirty homo-
zygous and 10 age-matched heterozygous males were
used as subjects. The homozygous rats responded to
shock at 800 and 1000 pA at a greater amplitude then
the heterozygotes (p < 0.005). The homozygotes
similarly had a higher startle response to acoustic
stimulation (20 ma, 110 DBA,10°KHz; p < 0.001).

These data indicate that homozygous Brattleboro
rats should have a better retention of the punishment
effect in an approach-avoidance test than hetero-
zygotes. Indeed, in recent studies in our laboratory
(Brito et al. Brain Res. Bull. 6: 71-75, 1981) we
have observed this effect. The present study sug-
gests that at least part of the influence VP exerts
on behavior may be due to modification of an animal's
responsiveness to pain and stress.

Supported by USPHS Grant NS 15301

VAGOTOMY ABOLISHES THE INHIBITORY ACTION OF CHOLECYSTOKININ ON
EXPLORATORY BEHAVIOR IN RATS. J. N. Crawley, S. E. Hays*,

S. M. Paul* and F. K. Goodwin. Clinical Psychobiology Branch,
NIMH, Bethesda, MD 20205.

Cholecystokinin (CCKg) inhibits feeding behavior in fasted
animals (Antin et al., ?975). Controversy exists over possible
aversive abdominal responses to systemic CCKg administration
(Deutsch and Hardy, 1977). Lesioning of sensory pathways from
the abdomen to the brain by bilateral vagotomy attenuates or

.abolishes CCKg-induced satiety in rats (Simansky, Jerome and

Smith, 1980).

We have shown that CCKg reduces exploratory investigation
of a wide variety of environmental objects (Crawley et al.,
1981). 1In mice and rats, intraperitoneal CCKg reduced
parameters of exploratory behavior, including duration of
pauses, number of movements, and time spent in the corners of
an open field, as well as approaches to novel objects and
encounters with a female. Intraperitoneal and intraventricular
routes of CCKg administration produced identical profiles of
inhibition of exploratory behaviors. The intraventricular dose
required for this effect was similar to the intraperitoneal
dose, suggesting a lack of central specificity.

Unsulfated CCKg did not significantly reduce exploratory
behaviors. Since sulfated CCKg binds with much greater
potency than unsulfated CCKg to the peripheral CCK
receptor (Sankaran et al., ?980) but these two ana?ogs have
relatively similar potencies at the central CCKg receptor
(Saito et al., 1980), these results provide a second indication
for a peripheral site of the CCK inhibition of exploration.

Bilateral abdominal vagotomy blocked the inhibitory effects
of CCKg on exploratory behavior. Vagotomized rats treated
with CéKs either intraperitoneally or intraventricularly
showed normal exploratory behaviors as compared to
saline-treated controls. Sham-operated rats treated with
CCKg replicated the previously reported reduction in
exp?oratory parameters.

These results provide several further lines of evidence
implicating periphéral CCK receptors in a sensory feedback
pathway from the digestive organs to central sites regulating
attention to environmental stimuli.
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CEREBRAL VENTRICULAR TRANSPORT AND UPTAKE: IMPORTANCE FOR THE CCK
SATIETY EFFECT. CA Baile and MA Della-Fera, Sch Vet Med, U Pa,
Kennett Square, PA 19348.

CCK-8 is a potent and specific suppressor of food intake when
injected into the lateral cerebral ventricles(LV) of sheep. Studies
showing that feeding is increased during injection of specific CCK
antibody (CCK-AB) into LV provide strong support for a role for
endogenous brain CCK-8 in satiety. It is unlikely that the large
antibody molecules entered the brain from CSF, thus the increased
feeding was due to sequestration of CSF CCK by CCK-AB. These . re-
sults, therefore, also suggest that CCK-8 must first be secreted
into CSF before it reaches site(s) of action for satiety. Support
for this hypothesis was obtained from preliminary studies indica-
ting a change with feeding and fasting in immunoactive CCK concen-
tration (iCCK) in LV CSF of sheep. However, in a repeat study in
which CSF was collected from the cisterna magna(CM), iCCK concen-
trations were too low to measure. Apparently, loss of CCK occurred
as it traversed the ventricular system.

Because of the very low endogenous levels of CCK in CM CSF, two
proposals were made: 1) Exposure of CCK-8 to ventricular sites more
rostral than CM is necessary for its satiety effect; 2) CCK-8 is
either enzymatically degraded in CSF as it traverses the ventri-
cles or CCK-8 is taken up from CSF by specialized ependymal cells
(as shown for other CSF substances). To test the first proposal,
we compared the effects on food intake of 75 min continuous injec-
tions into LV or CM of synthetic CSF or .64 pmole/min CCK-8 in 2 hr
fasted sheep (N=5). LV CCK-8 injections decreased food intake 40—
50% (p{.05), but CM injection of CCK-8 had no effect. In another
study 2.55 pm/min CCK-8 injected into CM also had no effect.

To test the second proposal, two experiments were carried out:
1) CCK-8 was added to CSF and incubated for up to 24 hr at 37°C.
There was no diminution in iCCK concentration over time, thus,
enzymatic degradation of CCK-8. in CSF is probably not responsible
for the low CM CCK concentrations. 2) To determine whether disap-
pearance of CCK-8 did indeed occur as it traveled thru the ven-
tricular system, .64 pm/min CCK-8 was injected into LV of sheep (N=
4) for 3 hr (.03 ml/min) and CM CSF was collected every 30 min for
measurement of i1CCK. Inulin (2.5 mg/ml) was added as a marker for
measurement of bulk absorption of CSF. Only about 5% of the CCK-8
was recovered from CM, thus about 95% of the CCK-8 was removed
from more rostral ventricular areas by means other than enzymatic
degradation or bulk absorption. In a repeat study usingLV injec-
tion of .16 pm/min CCK-8 , the same results were obtained.

We propose that during feeding, CCK-8 is secreted into CSF and
travels via CSF to ventricular sites at which it is actively taken
up and transported to receptors responsible for its satiety action.
Supported in part by NIH Postdoctoral Fellowship NS06595.

STIMULANT EFFECTS OF NEUROTENSIN MICORINJECTION INTO THE VENTRAL
TEGMENTAL AREA. P.W. Kalivas*, S.K. Burgess, C.B. Nemeroff and
A.J. Prange, Jr., Biological Sciences Research Center, Univ. of
North Carolina, School of Medicine, Chapel Hill, NC 27514

Neurotensin (NT) is an endogenous tridecapeptide which has a
heterogenous distribution in the central nervous system (CNS),
including high concentration in the ventral tegmental area (VTA).
The fact that dopaminergic (DA) perikarya are also found in the
VTA, and that these perikarya have limbic terminal fields which
have been implicated in modulating spontaneous motor activity,
raises the possibility that NT release in the VTA may alter spon-
taneous motor activity. To test this postulate, NT was bilater-
ally microinjected into the VTA and motor behavior quantified.

Male S.D. rats were chronically implanted with bilateral guide
cannulae 1 mm above the VTA. One week following surgery, animals
received a microinjection of NT or saline vehicle (0.6 ul/side/
0.6 min). All cannulae placements were verified via light micro-
scopic examination of cresyl violet stained brain sections.
Automated measurements of motor activity were obtained using a
Stoelting electromagnetic apparatus. Animals were adapted to the
apparatus for 120 min prior to microinjection and behavior quan-
tified for at least 120 min post-injection.

Administration of 5 ug NT (total dose/brain) resulted in a
significant increase in motor behavior vs. saline controls.
Using a standard ethogram, an observer ignorant of the treatment
found that NT induced significant increases in exploratory be-
haviors (sniffing, rearing, locomotion) at the expense of resting
or sleeping. The chemical specificity of this NT-induced effect
was shown by demonstrating that in doses equimolar to 5 ug NT,
neither TRH, LHRH nor D-Prol0-NT altered spontaneous motor
activity. In contrast, D-Tyrll—NT was at least as potent as NT.
The involvement of mesolimbic DA was investigated by pretreating
animals in the lateral ventricle with 10 ug haloperidol. While
this treatment did not alter baseline motor activity, it signi-
ficantly decreased NT-induced motor activity. Further, 60 min
following intra-VTA administration of 5 ug NT, animals were sac—
rificed and DA and DOPAC content determined using HPLC. As
compared to saline, NT treatment caused a significant increase in
the DOPAC/DA ratio in the n. accumbens, but no change in the
striatum. These findings demonstrate that intra-VTA administra-
tion of NT results in an increase in spontaneous motor activity,
probably via activation of the mesolimbic DA system. The exis-
tence of immunoreactive NT in the VTA suggests that these
findings may reflect a physiological function of NT in the CNS.
This work was supported by NIMH MH-32316, MH-22536, MH-34121,
MH-33127 and NICHHD HD-03110.
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ROLE OF PEPTIDES IN THE CONTROL OF FOOD INTAKE OF OBESE RODENTS.
C. L. McLaughlin and C.A. Baile, Dept. Clin. Studies, School Vet
Med., Univ. of Penn., Kennett Square, PA 19348

The increased meal size characteristic of adult Zucker obese
rats was shown to be present in weanling rats as early as 4 wks
of age (.97 vs .70 g, p<.02) by using an automated feeding be-
havior data collection system. Food intake 60 min after a 5.5-hr
fast was 677 greater in 4-wk old obese rats than lean rats (2.5
vs 1.5 g, p<.0l) and 100% greater in 5-6 wk old obese Bar Harbor
mice than lean mice (.71 vs .36 g, p<.001). The responses of
obese rats and mice were compared with those of lean rats and mice
to several peptides thought to play a role in the control of food
intake. Serum concentrations of 3 of the peptides increase dur-
ing a meal - cholecystokinin (CCK) and bombesin (BBS), released
primarily from the duodenum, and pancreatic polypeptide (PP), re-
leased primarily from the pancreas. Food intake has been shown
to be decreased in rats by exogenous administration of these
peptides and by naloxone, a specific antagonist of opiates, which
can stimulate food intake. As much as 4.0 ug/kg CCK-8, which de-
creased 60 min food intake of 4-wk old lean rats by 70%, had no
effect on food intake of obese rats (p<.0l1). In obese mice 5-6
wks old 2 pg/kg CCK-8 also had no effect on food intake while
decreasing that of lean rats 22% (.28 vs .36 g, p<.05). Adult
Zucker obese rats were less sensitive to satiety elicited by a
dose-range of concentrations of CCK-8 (.06 to 1.0 ug/kg) in-
jected before meals scheduled 2 hrs apart and adult obese mice
were less sensitive than lean mice to 1.0 ug/kg CCK-8 after a
3.0 hr fast (100 vs 50% of control, p<.03). BBS affected food
intake similarly in both 4-wk old and adult obese and lean rats.
However, obese mice were less sensitive than lean mice when
5-6 wks old and fasted 5.5 hrs, but were equally sensitive when
they were adults. In adult mice 8 pg/kg PP decreased food in-
take less in obese than lean mice (94 vs 62% of control, p<.04).
In adult rats, however, up to 128 ug/kg PP did not affect food
intake of Zucker obese rats more than lean rats when injected
during the initiation of the dark cycle (47 vs 97% of control,
p<.003), but not when injected during the light (95 vs 68% of
control, p<.08). Thus, while only obese mice are less sensitive
to BBS and PP, both obese mice and rats are less sensitive to
satiety elicited by CCK. This decreased responsivity in obese
animals could result in increased average meal size and daily
food intake.

Supported in part by NIMH 15092 and Fund for the Study of Feeding
Behavior.

CYTOPROTECTION BY INTRACISTERNALLY ADMINISTERED NEUROTENSIN
AGAINST COLD-RESTRAINT STRESS-INDUCED GASTRIC ULCERS: CORRELATION
OF TIME COURSE WITH EFFECTS ON GASTRIC PH AND ANTERIOR PITUITARY
HORMONE LEVELS Charles B. Nemeroff, Daniel E. Hernandez*, Roy C.
Orlando*, George A. Mason* and Arthur J. Prange, Jr., Biol. Sci.
Res. Ctr.,Depts. Psychiatry and Medicine, Univ. North Carolina
Sch. Med., Chapel Hill, NC 27514.

Since central nervous system (CNS) administration of neuroten-
sin (NT), an endogenous peptide, was reported to inhibit gastric
acid secretion, we previously compared the effect of intracister-
nally (IC) administered NT and systematically administered cime-
tidine on the development of cold-restraint stress (CRS)-induced
gastric ulcers in rats. After three hr of CRS, IC NT, but not IP
cimetidine (an inhibitor of acid secretion), was cytoprotective
in this model. In this study the relationship between cytopro-
tection and acid secretion was further investigated by simultane-
ous monitoring of gastric mucosal pathology and gastric pH at 30
min intervals over the three hr stress period. Since the gastric
mucosa may be altered by pituitary hormone secretion, serum levels
of growth hormone (GH), thyrotropin (TSH) and prolactin (PRL) were
assayed. Groups of adult male S-D rats (200-250 g) (n > 5/group)
were food deprived (24 hr), treated with IC saline (controls), IC
NT (30 ug) or IP cimetidine (100 mg/kg), then immediately re-
strained with wire mesh and placed supine in a cold room (4°C)
for 30,60,90,120,150, or 180 min. After CRS, the rats were de-
capitated and blood collected for hormone assays. The pH of the
gastric contents was measured and the gastric mucosa examined for
lesions with dissecting microscope. The incidence of gastric
lesions was scored without knowledge of the treatment regimen.
After 30 and 60 min of CRS, no gastric lesions developed in any
treatment group. However from 90-180 min, saline-treated con-
trols showed a significantly increased incidence of gastric ul-
cers; an increase paralleled in the cimetidine-treated group for
all time periods except 90 min. In contrast, for the entire 180
min period, NT-treated rats showed a marked reduction in ulcer
incidence. Despite the failure of cimetidine to remain cytopro-
tective, for each time period the pH of the gastric contents was
approximately 6, a value significantly higher than either NT-
treated (pH=4) or saline-treated rats (pH=4). Cimetidine did not
significantly alter GH, TSH, or PRL levels when compared to
saline-treated rats; NT-treated rats exhibited a smaller TSH re-
sponse at 30 min, followed by a rebound rise in TSH after 90 min
of CRS. No change in PRL or GH was noted after IC NT. These
data indicate that the anti-ulcerogenic effect of NT is neither
mediated by inhibition of gastric acid secretion nor by altered
secretion of GH or PRL. The relationship between changes in TSH
and cytoprotection following NT remains obscure (Supported by
NIMH MH-32316, MH-34121, MH-33127, MH-22536 and NICHHD HD-03110).




13.9

131

32 NEUROPEPTIDES AND BEHAVIOR |

THE EFFECTS OF D-AMPHETAMINE, METHYLPHENIDATE AND APOMORPHINE
ON NEUROTENSIN-INDUCED HYPOTHERMIA IN MICE. G. Bissette*, D.
Luttinger, C.B. Nemeroff and A.J. Prange, Jr., Biol. Sci. Res.
Ctr., Univ. North Carolina Sch. Med., Chapel Hill, NC 27514
Neurotensin (NT), an endogenous tridecapeptide, produces hypo-
thermia, muscle relaxation and analgesia after intracisternal
(IC) or direct central nervous system (CNS) injection in rodents
(Proc. Natl. Acad. Sci. 76:5368, 1979). Our group has also
demonstrated that destruction of brain dopamine (DA), but not
norepinephrine, containing systems with 6-hydroxydopamine signi-
ficantly potentiates NT-induced hypothermia, as does pretreat-
ment with the DA receptor antagonist, haloperidol (Brain Res.
195:69, 1980). To further characterize the interaction between
NT and brain DA systems, the effect of 3 stimulant drugs (d-
amphetamine, methylphenidate and apomorphine) on NT-induced
hypothermia was studied. These pharmacological agents are gener-
ally acknowledged to act primarily on CNS DA circuits. Adult,
male Swiss-Webster mice were lightly anesthetized with ether and
injected IC with either NT (0.1-30 pg) or vehicle (0.9% NaCl,
10 ul). The mice were then immediately treated with intraperi-
toneal (IP) injections of d-amphetamine (0.5-2.0 mg/kg), methyl-
phenidate (10 mg/kg), apomorphine (2.5-5.0 mg/kg) or vehicle.
Thus each experiment included 4 groups of mice (n=8/group):
(1) Vehicle IC + vehicle IP; (2) NT IC + vehicle IP; (3) Vehicle
IC + Stimulant IP; (4) NT IC + Stimulant IP. Rectal temperatures
were assessed at 0,30,60,90 and 120 minutes post-IC injection
with the use of a digital display thermocouple; all experiments
except otherwise noted were conducted at ambient temperatures of
25°C. D-amphetamine (2 mg/kg) completely blocked the hypothermic
effect of IC NT (10 and 30 pg) whereas a lower dose of this stim-
ulant (1 mg/kg) partially but significantly antagonized the hypo-
thermic effects of both 1 and 10 ug NT. Although d-amphetamine
produces a significant hypothermic effect in cold-exposed rodents,
mice treated with NT and d-amphetamine and placed at 8°C showed
less hypothermia than mice treated with NT alone. Like d-
amphetamine, methylphenidate (10 mg/kg) significantly blocked the
hypothermia observed after IC NT (10 pg). As previously reported,
apomorphine (2.5 or 5.0 mg/kg) produced a significant hypothermia;
mice treated with both apomorphine and NT did not show a greater
decline in body temperature than mice treated with either agent
alone. These data, taken together with previous findings,
support the hypothesis that NT and indirect DA agonists (e.g.
d-amphetamine and methylphenidate) are antagonists in the CNS.
(Supported by NIMH MH-32316, MH-34121, MH-33127, MH-22536 and
NICHHD HD-03110).

THYROTROP IN RELEASING HORMONE (TRH) AND THE TRH ANALOG MK-771
REVERSE ENDOTOXIN SHOCK VIA AN ACTION AT CENTRAL EFFECTOR SITES.
John W. Holaday and Alan |. Faden. Dept. Med. Neurosci., Walter
Reed Army Institute of Research, Washington D.C. 20012.

In previous reports, we have demonstrated the therapeutic ef-
ficacy of naloxone in reversing shock due to endotoxemia, hemor-
rhage, or spinal transection. Our concern was that this opiate
antagonist would intensify traumatic pain even as it improved
shock pathophysiology and survival. Recently, we have shown that
intravenous (iv) TRH reverses endotoxic and hemorrhagic shock in
rats without affecting nociceptive latencies (Science, in press).
The purpose of the present study was to determine if TRH or the
TRH analog MK-771 (pyro-2-aminoadipyl-histidyl-thiazolidine-4-
carboxamide) exerted therapeutic effects in endotoxic shock via
an action at neuroeffector sites within the central nervous sys-
tem. Male Sprague-Dawley rats (250-300 g) were affixed with a
transcranial guide tube, an external jugular-vein cannula, and a
tail-artery cannula. On the day following surgery, conscious
rats in their home cages were connected to microtransducers;
cardiovascular and respiratory variables were monitored. Endotox-
ic shock was induced by iv injection of E. coli lipopolysaccha-
ride endotoxin (15 mg/kg, Difco). Within minutes, arterial
pressure fell 25-30 mmHg. At that time, TRH (10.0 ug, n=7), MK-
771 (1.0 ug, n=6), or saline (n=6) were injected through the
guide tube into the right-lateral ventricle in a volume of 20 ul
over 20 sec. Within seconds, TRH and MK-771 resulted in large
increases in mean arterial pressure (MAP), pulse pressure (PP),
heart rate (HR), and respiratory rate (RR). Peak effects were
observed 15 min post injection. At that time, TRH and MK-771
produced significant elevations in cardiorespiratory variables;
saline had little effect.

MAP (mmHg) PP(mmHg) HR(beats/min) RR(breaths/min)
saline 9.7+3.8 11.745.1 25.3+34.3 38.0+ 8.6
TRH (10 ug)  36.0¥7.6  33.6%7.3 53.9¥17.6  126.1%35.2
MK-771 (1 ug) 35.4%2.6 18.3%1.0 137.0+15.7 143.3+39.2

Although MK-771 produced a similar increase in MAP as TRH, it
resulted in lesser increases in PP and greater increases in HR.
These effects of TRH were centrally mediated since this small
dose was without effect following iv injection in endotoxic rats.

Thus, the therapeutic effects of TRH and MK-771 in endotoxic
shock appear to be centrally mediated, possibly expressed through
autonomic mechanisms which affect cardiorespiratory function.
Since intracerebroventricular TRH is without effect on nocicep-
tive latencies (Holaday et al, Life Sci. 22, 1537, 1978), these
results further suggest that TRH may have therapeutic utility in
treating shock or acute hypotension similar to naloxone but
without the adverse effect of intensifying pain.
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SEASONAL VARIATION IN TRH CONTENT OF DIFFERENT BRAIN REGIONS IN
THE HIBERNATOR, CITELLUS LATERALIS. T.L. Stanton, A. Winokur
and A.L. Beckman. A.I. duPont Institute, Wilmington, DE, 19899
and Univ. of Pennsylvania, Sch. of Med., Phila., PA, 19104.

Studies in our laboratory have shown that central admini-
stration of thyrotropin releasing hormone (TRH) produces state-
dependent changes in body temperature, metabolic rate, motor
activity and general arousal level in the ground squirrel
(Citellus lateralis). These observations suggest that TRH may
modulate the level of activity within neuronal systems. In the
present study, we have investigated the possibility that
changes in TRH concentration in some brain areas might be
associated with naturally-occurring changes in the physioloqy
and behavior of this seasonal hibernator. The variation of
endogenous TRH content in 10 regions of the hrain was measured
between seasons and across the euthermic (i.e., not
hibernating) vs. hibernation state.

Ground squirrels were wild-trapped in late spr1nq and housed
individually under natural light conditions. Futhermic animals
were sacrificed in the mid-portion of each season: early Auqust
(Summer), early November (Fall), early February (Winter), early
May (Spring). Hibernating animals, housed at 5°C throughout
the winter, were sacrificed in early February. Rrains were
dissected into: pineal, olfactory bulb, hypothalamus (HYP),
septum, preoptic area (POA), forebrain, hippocampus, cere-
bellum, midbrain, and brainstem. FEach region was weighed,
homogenized, methanol extracted and assayed for TRH content by
radioimmunoassay .

Statistically significant decreases in TRH content occurred
during hibernation when compared to one or more euthermic
groups in the HYP, septum, POA, midbrain, and olfactory bulb.
Only in the HYP was TRH lower than in all of the euthermic
groups. Significant fluctuation in TRH during hibernation also
occurred in the pineal, but the level of TRH in this region
depended upon elapsed time in the hibernation bout. TRH
content was considerably greater in the last quarter of the
bout than in the first quarter (p < .001). Seasonal variation
within euthermic groups was also evident in the olf. bulb, POA,
midbrain, and pineal, in which TRH levels fell significantly in
the winter. The greatest variation was observed in the pineal;
TRH content was lower in winter compared to fall (p < .N2) and
spring (p < .001) and increased in fall relative to summer
(p < .01). These results suqgest that TRH may be involved in
the control processes attributed to these brain areas, and
support a role for TRH in the neural control of hibernation.
(Supported by the A.I. duPont Institute, NSF Grant BNS 78-
19002, and Research Scientist Deve]opment Award KO1-MHO0044).

CORRELATED BEHAVIORAL EXCITATIONS FOLLOWING MICROINJECTIONS IN
RAT PERIAQUEDUCTAL GRAY OF MORPHINE AND ACTH(1-24). _Y. F.
Jacquet, Center for Neurochemistry, Rockland Research Institute,
Ward's Island, New York City, NY 10035.

‘Excitatory effects (fearful hyper-reactivity and explosive
motor behavior) were significantly correlated (Chi-square = 9
.69; p40.01) following separate microinjections of morphine
sulphate (52 nmol) and ACTH(1-24) (17-34 nmol) into the peri-
aqueductal gray of rats, indicating that the ACTE-elicited,
and morphine-elicited behavioral excitations are mediated by
the same sites in the periaqueductal gray. Subsequent micro-
scopic study of 100p cressyl-violet stained brain sections ob-
tained from all the subjects showed that the microinjections
were more effective when the sites were located within rather
than below the periaqueductal gray. Analgesia was observed
following morphine but not ACTH microinjections. When rats
were microinjected with ACTH (6.8 nmol) 10 min prior to a
microinjection of B-endorphin (2.9 nmol) #n the same periaque-
ductal gray site, no antagonism of the B-endorphin-induced
analgesia was observed, indicating that different neural me-
chanisms mediate the effects of the two neuropeptides. These
results confirm that many of morphine's behavioral effects are
mediated by specific sites within the periaqueductal gray, and
add further support for the proposal (Jacquet, Y.F. et al,
Science, 198:842, 1977) that morphine's dual actions - excita-
tory and inhibitory - are mediated by two classes of receptors,
one, a stereospecific, naloxone-sensitive receptor that medi-
ates the inhibitory (e.g., analgesic) action (the endogenous
ligand of which was proposed to be B-endorphin), the other, a
nonstereospecific, naloxone-insensitive receptor that mediates
the excitatory (e.g., fearful hyper-reactivity and explosive
motor behavior) action (the endogenous ligand of which was pro-
posed to be ACTH, (Jacquet, Y.F., Science, 201:1032, 1978)).
addition, these results are consistent with our proposal (1977,
1978) that the opiate abstinence syndrome may be due in part
to the unmasking of the excitatory action of morphine (at the
"ACTH" receptor)following weakening of the inhibitory action
of morphine (at the "endorphin" receptor) due to selective
tolerance development or selective naloxone blockade.
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13.13 CHOLECYSTOKININ OCTAPEPTIDE (CCK<8) INJECTED IN CEREBROSPINAL
FLUID (CSF) DECREASES PLASMA INSULIN CONCENTRATION IN SHEEP.

MA Della-Fera and CA Baile, Sch Vet Med, U Pa, Kennett Sq, PA 19348
We have shown CCK-8 to be a potent and specific suppressor of
feeding when administered as a continuous injection into the lat-
eral cerebral ventricles(LV) of sheep. Strong support for a phys-
iological role for endogenous brain CCK peptides and specific CCK
receptors in satiety was obtained from studies showing that signi-

ficant increases in food intake occurred with LV injections of
either a specific CCK receptor blocker or CCK antibody. Because
CCK-8 is present in several CNS sites, though, it is likely to be
involved in a variety of physiological functions controlled by the
brain.

The present studies were carried out to determine whether brain
CCK-8 could influence secretion of 3 hormones important in control
of peripheral metabolism: GH, Insulin(I) and glucagon. First, the
effect of 60 min continuous injections of 0(sCSF), .04, .16 and .64
pmole/min CCK-8 on plasma I and glucose(G) concentrations was de-
termined (N=6). LVCCK-8 at .64 pm/min caused significant decrease
in plasma I at 30 and 60 min after starting injection: by 60 min
plasma I had decreased by 1.95*.1 ng/ml from preinjection levels
with .64 pm/min CCK-8 (p<.01); sCSF had no effect on I. Lower doses
of CCK-8 caused slight, but nonsignificant decreases in plasma I.
Plasma G was not affected by any treatment. In other experiments
the effect of continuous LV injection of sCSF or .64 pm/min CCK-8
on plasma GH and glucagon concentrations was studied. CCK-8 had
no effect on plasma levels of either hormone, thus the decrease in
I is not due to generalized suppression of hormonal secretion
(eg, as caused by somatostatin secretiom).

Desulfated CCK-8 (desCCK-8) binds less strongly to CCK receptors
and is much less potent in decreasing feeding during LV injections
in sheep. To determine whether the effect on I was also a chemi-
cally specific effect, plasma I and G concentrations were measured
during 60 min LV injections of sCSF, .64 pm/min desCCK-8 and .64
pm/min CCK~-8 . Plasma I was decreased by LVCCK-8 at .64 pm/min
(p<.05), but desCCK-8 had no effect (60 min I, ng/ml: sCSF 2.2%.3,
desCCK-8, 2.5+.3, CCK-8 1.2+.1). No treatment affected plasma G
concentrations.

Finally, to determine the importance of the more rostral brain
areas, we compared the effects on plasma I and G of LV and cis-
terna magna(CM) injections of sCSF or .64 pm/min CCK-8. LV CCK-8
decreased plasma I (p<.05), but CM injections had no effect (60
min I, ng/ml: LV sCSF 2.6%.4, LVCCK-81.6%.1, CM sCSF 2.8+.3, CM
CCK-8 2.3*.4); no treatment affected plasma G.

These results suggest that brain CCK-8 acts on CNS sites in-
volved in the control of insulin secretion, possibly via vagal
efferents to the pancreas. Supported in part by NIH Postdoctoral
Fellowship NSO659§.
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TRIGEMINAL EVOKED POTENTIALS IN UNANESTHETIZED CATS. E. H.
Chudler*, W. K. Dong (SPON: K. Y. Chan). Dept. of Anesthesio-
logy, Univ. of Washington, Seattle, WA. 98195.

We found that tooth pulp evoked far-field and near-field
potentials were differentially affected by barbiturate and inha-
lation anesthetics; the latter potentials were markedly atten-—
uated. Comparison of near-field potentials among anesthetized
cats was impossible due to variability in their waveform and
latency. Thus, a behavioral method was developed to study near-
field evoked potentials in unanesthetized cats.

Under anesthesia, two channels were drilled into the dentin
of a mandibular canine tooth. Wire electrodes for stimulation
were secured in these cavities with dental amalgam and composite
resins. Interelectrode impedances varied from 7kQ to 16kQ.
Evoked potentials were recorded from an array of wire electrodes
implanted in the skull. EMG leads were implanted into deep neck
muscles.

A behavioral paradigm was established to allow the animal to
terminate the stimuli presentation. Cats were trained to remain
still for a period of 10 to 15 sec. During this time, electri-
cal stimuli were delivered to the tooth and evoked potentials
were recorded and computer averaged. If the cats held still,

a food reward was automatically delivered. However, if the cat
moved and the EMG exceeded a preset voltage, the shock was
terminated and no reward was given.

Acute animal studies have demonstrated that activation of
large myelinated (AB) fibers by tooth pulp stimulation was
sufficient to evoke far-field potentials (designated I, IIa, IIb,
IIIa, IIIb with peak latencies of 0.9, 1.6, 2.3, 3.5 and 4.lms)
and early near-field potencials (IV P., N, with peak latencies
of 5.2, 6.2 and 9.9ms; P 2 with latencies from 25 to
160ms). Delivery of SC1mulus 1n%ens%t1es to chronic animals
that were below levels for escape evoked the same far-field
and early near-field potentials.

Evidence from acute lesion studies and from comparing latency
and refractoriness of surface recorded potentials to those of
in-depth recorded potentials indicates the following main
sources: I-trigeminal nerve/ganglion; IIa,b-principal sensory
nucleus of V; IIla,b-thalamus (VPM); IV, P -primary sensori-
motor cortex. Additional lesion and mapplng s%udies are needed
to identify the origins of the other near-field potentials. With
the behavioral paradigm described, evoked potentials can be
recorded without contamination from drugs. It may also be
possible to record evoked potentials associated with escape be-
havior and activation of high threshold afferents in the alert
unanesthetized, unrestrained animal.

(Supported by UCPHS Grant DE 05130).

VISUAL EVOKED POTENTIALS EVOKED BY LIGHT-EMITTING DIODES
MOUNTED IN GOGGLES, R. P. lesser*, H. Lueders*, N. Donovan%,
G. Klem*, (SPON: K. L. Barnes). Department of Neurology,
Cleveland Clinic Foundation, 9500 Euclid Avenue, Cleveland,
OH 44106,

Visual evoked potentials to pattern reversal stimulation
are accepted to be of more stable morphology than those evoked
by flash via a photic stimulator. These potentials require,
however, that the patient fixate on the field of stimulation
and in certain circumstances, including functional visual
deficits, refractive disorders or surgical monitoring a patient
may be unwilling or unable to attend carefully to the patterned
field.

We have compared the potentials following pattern reversal
stimulation to those evoked by light-emitting diodes (LED)
separated by 5mm and mounted in 4x4 arrays inside of goggles
worn by the patient., Pattern reversal was delivered by a
television system in which each check subtended 2° of visual
arc within a total field subtending 8° of visual arc. The
patient sat 1 meter from the television screen. For both
stimulus modalities filter settings at half-amplitude were
1 and 100 Hz; 256 trials were taken for each average with at
least two averages for each modality to each eye. Stimulus
rate was 2/second. The montage utilized was 01-Cz, 02-Cz,
0z-Cz, AlA2-Cz (international 10-20 system).

Following goggle stimulation a series of positive and
negative deflections occurred. There was more inter-individual
variability in these deflections, compared to thosed evoked
by pattern reversal, but within individuals the potentials
evoked by right and left eye stimulation were relatively similar.
This suggests that potentlals evoked by LED-goggle stimula-
tion may be of value in certain clinical states to define
the presence or absence of an evoked potential as well as to
assess the symmetry of conduction from the two eyes.
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FREQUENCY DEPENDENCE OF LATENCIES IN THE VISUAL EVOKED RESPONSE.
J. M. Flinn® (SPON: I. Weiss). Depts. of Physics and Psychology,
George Mason University, Fairfax, Va. 22030.

Phase characteristics of transient evoked potentials have
received little attention, although they can be used to obtain
information about the group delay, i. e., latency, as a function
of frequency via the relationship ¢ = (2mw)~1 dp/df, where
< _ is the group delay or latency, f is the frequency, and §
the phase of the Fourier coefficients of the signal. In this
experiment, latencies were obtained from the visual evoked
potentials (VEPs) of 64 twelve-year-old girls. The recording
was made using bipolar electrodes 6 cm apart astride C,.

Responses to 100 light flashes of 4 x 105 lumens/steradian
were recorded; two runs were recorded with the light flash
(runs 1 and 2) together with a control run (run 3). The
slope of the phase as a function of frequency varied with
frequency for runs 1 and 2 but not for run 3. Analysis of
variance showed that there was a significant variation of
latency with frequency, calculated over 5 Hz bands, for runs

1 and 2, but not for run 3. For run 1: F(7,406) =
p < .01; for run 2: F(7,406) = 4.7, p < .01; for run 3:
F(7,406) = 1.4. For runs 1 and 2, the latency had a maximum

of 201 + 12 msec; this occurred in the frequency range

5-10 Hz. The minimum was 104 + 11 msec, in the range 20-35 Hz.
These results are similar to those obtained from the phase
analysis of steady-state VEPs (Spekreisje, H., Estevez, O.,

and Reits, D. In: J. Desmedt (Ed.), Visual Evoked Potentials
in Man. Oxford, Clarendon Press, 1977). This shows that
similar phase and latency information is obtained by analysis
of either steady-state or transient VEPs. Previous experiments
have shown that harmonics of the stimulating frequency are
observed in the steady-state VEP; thus the system is nonlinear.
However, the fact that the flash stimulus, which acts as an
impulse, produces the same phase data as the steady-state VEP
shows that this nonlinearity is weak. Thus it should be
possible to obtain latency as a function of frequency by using
a transient stimulus without the necessity of sweeping through
a range of modulating frequencies. This would be particularly
useful in the analysis of VEPs due to patterned stimuli, where
the latency may depend on both spatial and temporal frequencies.

COMPARISON OF PATTERN ELICITED MASS POTENTIALS FROM THE RETINA,
LATERAL GENICULATE NUCLEUS (LGN), AND THE VISUAL CORTEX OF THE CAT
I. Ohzawa* and R. D. Freeman (SPON: T. E. Cohn), School of
Optometry, University of California, Berkeley, CA 94720

Pattern-elicited electroretinograms (ERG), LGN and cortical
evoked potentials (EP) from cats were measured to compare mass
response properties at different stages of the visual pathways.
The stimuli were sine-wave gratings phase reversed in either of
two temporal modes, square- or sine-wave. Patterns were presented
in pseudo-random order, and responses were averaged and Fourier
analyzed by a computer. ERGs were recorded via stainless steel
wires in the vitreous and the orbit behind the globe. LGN and
cortical EPs were recorded via bipolar and steel screw electrodes,
respectively.

For square-wave temporal modulation, the ERG consisted mainly
of a vitreous negative peak at 120-200 mS after reversal. The a-
and b-waves seen in flash ERGs were missing in these pattern ERGs.
To show that the absence of a- and b-waves was not due to retinal
damage, mean luminance modulation was added to grating patterms.
A progressive recovery of a- and b-waves was observed with in-
creased luminance modulation. ERG spatial frequency response did
not show any fall-off at low frequencies for square-wave temporal
modulation, whereas LGN and cortical EPs clearly showed a band-
pass characteristic for the same conditions. To determine
whether low-frequency fall-off, which implies lateral inhibition,
was obscured by temporal transients, sine-wave temporal modula-
tion was used in some recordings. Under this condition, ERGs
showed a clear fall-off at low frequencies. This suggests that
the generating mechanism of the pattern ERG involves lateral
inhibition.

The amplitudes of cortical EPs were approximately proportional
to log contrast. We found this relationship also in the LGN, but
not in the retina. ERGs showed high contrast thresholds, and
often a low saturation contrast with a log-linear region in be-
tween. Contrast thresholds for ERGs were variable, ranging from
3% to 10%. LGN and cortical EPs simultaneously recorded in inter-
leaved fashion with ERGs showed much lower thresholds than ERGs,
and had a clear response at the thresholds of the corresponding
ERGs.

These contrast results are somewhat paradoxical in the sense
that central structures show clear responses when the retina
shows no response, and that LGN and cortical EPs do not saturate
far beyond the retinal saturation contrast. One hypothesis for
the former finding is that the local ERG is cancelled out by
summation across the retina at low contrasts, ard only appears
when a nonlinearity becomes manifest at higher contrast.

(EY01175)
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PATTERN AND FLASH EVOKED POTENTIALS IN THE HOODED RAT.
M. Onofrj* and I. Bodis-Wollner. Dept. Neurology, Mt. Sinai
School of Medicine, New York, NY 10029.

Thirty-two male adult hooded rats had evoked potentials (EPs)
recorded with chronically implanted electrodes placed over area
17, the postbregmatic region, the nasion and the earlobe. The
transient flash EP of the rat has 4 consistent components: Nj at
31 + 4 msec, Py at 46 * 3 msec, Ny at 65 * 3 msec, and P3 at 114
¥ 9 msec. Reducing the maximum luminance of the Grass flash
stimulator by a factor of 16 delayed Py by 10 *+ 3 (S.D.) msec.
Using 8 and 10 flashes per second following luminance reduction
the phase shift of the steady-state EP was 30°,

Pattern EPs to counterphase modulation of .3 cpd checks and
.1 cpd square wave gratings were obtained in 14 out of 20 rats.
The typical triphasic EP waveform was most consistent over the
hemisphere contralateral to the eye. The measured components
were P at 85 * 5 msec, and N at 113 * 13 msec. To 5 Hz counter-
phase modulation a clear 2nd harmonic EP could be recorded in
6 out of 13 rats. In 4 tested rats a +2 diopter lens consistent-
ly doubled the P and N amplitude. A +4 diopter lens increased
it by only 10%.

Thus both the pattern and flash EP of the hooded rat are com-
parable in latencies and waveforms to EPs of higher mammalians.
There has been controversy surrounding the acuity of the rat
based on electrophysiological (Shaw 1974,1975) and refractive
studies (Massof '1972; Block 1969). Using EP methodology we fiInd
agreement with Mever and concur with the visual acuity limits
established with behavioral (Wiesenfeld 1976, Pirch 1979), re-
fractive (Hughes 1979), and single cell (Brown 1965; Montero
1973; Wiesenfeld 1975) data.

Supported in part by Grant no. EY01708 of the National Eye
Institute; Grant No. NS11631 of the Clinical Center for Parkin-
son's & Allied Diseases; N.I.H. Core Center Grant no. EY01867;
and N.I.H. Grant no. RR-00071, Division of Research Resources,
General Clinical Research Center Branch.

CONTRAST AND COUNTERPHASE-FREQUENCY EFFECTS OF THE
THREE PRIMARY COLORS ON HUMAN VISUAL EVOKED RESPONSE.
W. R. Klemm, R. A. Goodson* and R. G. Allen*, USAF
School of Aerospace Medicine, Brooks AFB, TX 78235.

Using a counterphasing checkerboard stimulus, we
evaluated the visual evoked potential (VEP) in 10 sub-
jects for the response to different contrast levels.
For each color the highest contrast setting was used
to test the effects of varying the reversal rate of
the stimulus.

Overall mean luminance of each color was photomet-
rically equated and kept constant. The VEP was compu-
ter averaged for 90 consecutive l-sec epochs and the
power (PSD) determined at the appropriate stimulus
frequencies (plus their first two harmonics).

For each color and each of the stimulus frequencies
(6, 11, 16 Hz) the magnitude of the VEP did not seem
to be influenced by the amount of simultaneously occur-
ring alpha activity. The magnitude of response did
not always correspond to a person's impressions of how
well he was perceiving the stimulus.

For each color, the contrast-response curves reveal-
ed small PSDs at low contrast (0.1) and larger PSDs
at the 3 high-contrast settings (0.3 - 0.5). Magni-
tude of PSD varied markedly by color and by subject.
The shape of the curves, depending on color and sub-
ject, often indicated a nonlinear saturation of re-
sponses. A given subject commonly had a physiologic-
ally "preferred" color which produced larger responses,

Most subjects responded best at 6 Hz, poorest at
11 Hz, with intermediate responses at 16 Hz. As in
the contrast-response tests, there were differential
VEP responses at each color.

Similar contrast- and reversal-rate effects occur-
red at lateral electrode sites, but unusual laterali-
zation effects occurred in some subjects.

We conclude that these VEPs seemed to be indepen-
dent of alpha. Also there seems to be considerable
variation among subjects in the response to color,
contrast, and reversal rate. Finally, the results
suggest that white-light VEP responses may not nec-
essarily reflect the response characteristics at
specific colors.
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DOPAMINERGIC DEFICIENCY CAUSES VEP DELAYS IN THE MALE HOODED
RAT. I. Bodis-Wollner and M. Onofrj* (SPON: M. Yahr). Dept.
Neurology, Mt. Sinai School of Medicine, New York, NY 10029.

The hooded rat has reliable visual evoked potentials (VEPs)
to both flash and patterned stimuli (Onofrj and Bodis-Wollner
1981). Now we studied in 8 rats the effects of alphamethylpara-
tyrosine (AMPT), a dopamine (DA) depletor, and haloperidol, a
DA blocker, on flash and pattern EPs. The latency of the vari-
ous components of the transient flash EP started to shift 90 min
following i.p. administration of 250 mg/kg AMPT. The delay
peaked in 220 min: 19 min for P2 (normal 46 * 3 msec), 23 msec
for N2 (65 * 3 msec), and 23 msec for P3 (114 * 9 msec), while
the steady-state EP shifted by 145°. Recovery was complete in
24 hours. In 4 rats the pattern EP to .1 cpd gratings showed a
delay in P of 24 * 4 msec (normal 86 * 5 msec). The maximum
effect of i.p. haloperidol 3 mg/kg occurred in 35-60 min. On
the average, P2 was delayed by 15 msec, and Ny by 18 msec. The
mean delay was 21 msec for the P component of the pattern EP.

Our flash EP data agree with those obtained by Dyer using
similar pharmacological agents. Comparing VEP effects due to
‘pharmacological manipulations to those obtained by luminance
reductions, it appears that miosis is unlikely to explain these
delays. Our study using patterns suggests that dopaminergic
deficiency has a significant, reversible effect on the VEP and
therefore implies a role of this neurotransmitter in the visual
pathway of the hooded rat. We conclude that besides the known
mechanism of VEP delays, retinal synaptic malfunction must also
be considered. The relationship between these data and VEP
changes in humans suffering from Parkinson's disease and those
treated with phenothiazines (Bodis-Wollner and Yahr 1978,1980)
require further study.

Supported in part by Grant no. EY01708 of the National Eye
Institute; Grant no. NS 11631 of the Clinical Center for Research
in Parkinson's and Allied Diseases; N.I.H. Core Center Grant no.
EY01867; and N.I.H. Grant no. RR-00071, Division of Research
Resources, General Clinical Research Center Branch.

MAGNETIC AUDITORY EVOKED FIELDS:TONE AND CLICK DIFFERENCES
M. Reite, J.T. Zimmerman* and J.E. Zimmerman*. Univ. of Colo.
School of Medicine, Denver, CO 80262 and Nat. Bureau of Standards
Boulder, CO 80302.

Previous studies in our laboratory have demonstrated that hu-
man magnetic auditory evoked fields (MAEFs) to click demonstrate

-interhemispheric asymmetry, being of greater amplitude contralat-

eral to the stimulated ear, and that the current dipole responsi-
ble for click evoked fields is approximately perpendicular to the
Sylvian fissure in the area of the primary auditory cortex. In
this study we examined whether auditory fields evoked in response
to tone stimuli could be differentiated from those evoked in res-
ponse to click stimuli, and whether magnetic recordings could do
this better than EEG recordings.

Ten normal adults served as subjects. Magnetoencephalographic
(MEG) recordings were made using a figure-eight SQUID gradiometer
in an aluminum shielded room. The sensor was placed 1/4 of the
distance from T3 to C3 for left hemisphere recordings, and 1/4
of the distance from T4 to C4 for right hemisphere recordings.
EEG recordings were obtained simultaneously from these positions
in 7 subjects. MEG and EEG data, bandpassed between 1 and 40 Hz,
was averaged for 500 msec after each of 128 aperiodic 92dB alter-
nating clicks and 90msec long 2000 Hz tones. Recordings were made
from both hemispheres in response to both ipsilateral and contra-
lateral stimulation. MAEFs and AEPs were plotted and the maximum
amplitude of each response occuring within 250 msec of stimulus
onset was measured.

A repeated measures t test was performed for differences bet-
ween tone and click stimulation for each hemisphere and for both
contralateral and ipsilateral stimulation. Such comparisons were
made for both MAEFs and AEPs. The results indicated MAEFs were of
significantly higher amplitude for tones than for clicks for con-
tralateral stimulation of the left hemisphere, and for both con-
tralateral and ipsilateral stimulation of the right hemisphere.
In general, EEG AEPs to tones were of lesser amplitude than for
clicks; this effect was statistically significant for ipsilateral
stimulation of the left hemisphere only. The larger MAEFs to tone
may reflect a larger net current flow in auditory cortex as a
result of the longer duration tone burst.(Supported by Office of
Naval Research Contract No. N00014-79-C-0383).
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LONG-LATENCY AUDITORY EVOKED POTENTIALS IN CORTICAL DEAFNESS
D. L. Woods, R. T. Knight ¥, and H. J. Neville Neuropsychology
Taboratory, The Salk Institute, La Jolla, CA 92037

14.10

We recorded long-latency auditory evoked potentials (AEPs)
to stimuli presented above and below perceptual threshold in a
patient who became deaf as a result of the bilateral destruc-
tion of auditory cortex. The AEPs were similar in amplitude,
latency, scalp distribution and refractory properties to those
recorded in subjects with normal hearing. The differential
effects of brain lesions on auditory-perceptual functioning and
AEPs suggests that they are subserved by different neural sys-
tems.

—— Above Threshold
— — Below Threshold

NEURAL RECOVERY FROM SEVERE HUMAN HEAD INJURY ASSESSED WITH MUL- 14.12
TIMODALITY EVOKED POTENTIALS (MEPS): FUNCTIONAL CONSEQUENCES OF
SECONDARY INSULT. P. G. Newlon*, R. P. Greenberg and D.P. Becker
Div. of Neurosurgery, Med. Coll. of Va., Richmond, VA., 23298

Multimodality Evoked Potentials (MEPs; visual, auditory and
somatosensory) recorded early after injury have been shown to aid
assessment of brain dysfunction and outcome prediction in coma-
tose head injury patients. Those who exhibit normal or mildly
abnormal MEPs in the first 72 hrs. post-trauma generally reach a
good/moderate outcome by 1 year, while a majority of patients
with severely abnormal or absent MEPs have a poor outcome. Errors
in outcome prediction made from early MEP tests may occur if pa-
tients suffer secondary insults later in their hospital course.
We have examined changes in MEPs over time in these patients as
they relate to occurrence of complication and resultant outcome,
to determine whether serial MEP studies reflect the neurological
effects of secondary insult. 109 patients who received multiple
MEP studies up to one yr. post-trauma were studied and were as-
signed to the following groups, based on the most severe MEP ab-
normality exhibited in an early study (X Day 3): N=Normal, MA=
Mildly abnormal, SA=Severely abnormal, A=Absent. These groups
were subdivided into those with (C) and without (NC) complication
Insults included were pulmonary infection/edema, GI bleeding,
ventriculitis, meningitis, inappropriate ADH levels, seizure,sep-
sis, gram(-) shock, respiratory/cardiac arrest and delayed hema-
toma. Outcome was defined as Good/Moderately disabled (G/M),
Severely disabled/Vegetative (S/V) or Dead (D). Data analysis
bore the following results: 1) Outcomes of patients in the N
(n=22) and A (n=13) groups were not altered appreciably by ccm~
plication. 2) When MEPs of patients in the MA(C) group (n=32)
returned to normal (50% of cases) or remained MA (307 of cases),
90% of the patients made a G/M recovery despite complication.
However, 6 MA(C) patients (20%) showed MEP deterioration over
time and all had poor outcomes (2 S/V, 4D). 3) MEPs of the SA(C)
group (n=16) improved in only 5 patients (31%). 2 patients made a
G/M recovery, 2 were S/V and 1 D. MEPs of 4 patients (25%) re-
mained SA and all did poorly (1 S/V, 3 D).. 7 patients (44%)
showed MEP deterioration with complication and had poor outcomes
(2 S/V, 5 D). 4) Of the patients in the MA(NC) and SA(NC) groups
79% and 71% respectively showed MEP improvement and all had G/M
outcomes.MEPs remained MA or SA in 4 patients who made good recov-
eries and 1 patient with SA(NC) which remained so, died. Although
secondary insults may worsen outcome for patients who initially
show MEP abnormalities, MEPs are sensitive to neurological
change. Serial studies may help to determine which patients have
suffered further brain compromise and which have not. Supported
by NINCDS Grant 5-20627 and T.I. Award 5K07NS00346-03

AUDITORY AND SOMESTHETIC 40HZ ERPS FROM THE HUMAN SCALP.

R. Galambos. Speech, Hearing & Neurosensory Center, and Depart-
ment of Neurosciences, Univ. of Calif., San Diego, La Jolla, CA
92093

Relatively little attention has been paid to human event re-
lated potentials (ERPs) initiated by stimuli repeated at high
rates (beyond 20 per sec). However, as we have reported (Proc.
Nat. Acad. Sci., Apr. 1981), clicks or tones generate large,
stable nearly-sinusoidal waves when repeated at around 40 per
sec; these auditory 40Hz ERPs evidently represents a consolida-
tion, or superimposition of the 3 or 4 approximately sinusoidal
waves called the middle (80-100 msec) latency auditory ERP com-
ponents. We can now add that vibratory stimuli to finger or toe
generate similar large stable ERPs when repeated at around 40Hz.
The somesthetic response can be subdivided into two types: a
large event localized to the scalp overlying the cortical pro-
jection of the limb stimulated, and a (usually) smaller one dis-
tributed widely over the scalp which more closely resembles the
auditory ERP in amplitude. Dissimilarities do, however, exist
in the optimal frequencies (tested: 20 to 60 Hz) and particular
scalp sites where auditory and somesthetic 40Hz ERP response max-
ima occur.

When separate clicks are delivered to the ears the 40Hz ERPs
they produce add approximately algebraically, i.e., the ERP wave
response to the two clicks is larger when they are in phase and
approaches zero when they are out of phase. A similar algebraic
summation is seen when tactile and auditory stimuli are inter-
mixed with appropriate control of the time interval separating
them. These interactions within and across modalities may occur
because extralemniscal generators with similar properties spread
their effects widely and symmetrically through the cortex. This
possibility, and others, will be discussed.

EVOKED POTENTIAL ABNORMALITIES IN PATIENTS WITH INHERITED
ATAXTAS. M. Nuwer, S. Perlman* and J. Packwood*. Dept.
Neurology, Reed Neurological Research Center, U.C.L.A.,
Los Angeles, Calif. 90024.

Evoked potential tests have been shown to be sensitive
tools for studying central nervous system abnormalities. We
have investigated visual, brainstem auditory, and somato-
sensory evoked potentials in 20 patients with a variety of
inherited ataxias. Such tests in these patients can help
demonstrate subclinical neurological impairments and better
define the physiological abnormalities underlying clinical
symptoms and signs. :

Visual evoked potential (VEP) tests were performed one eye
at a time with checkerboard pattern-reversals, using 30’
checks projected onto a square screen 13 degrees along each
side, reversing 2/second, recording 0Z-CZ. Brainstem
auditory evoked potential (BAEP) tests were performed one ear
at a time with 100 microsecond condensation clicks 65 dB
above threshold, 10/second, recording from the ipsilateral
mastoid to CZ. Somatosensory evoked potential (SEP) tests
were performed with sufficient electrical stimulation of the
median nerve to cause a 1 cm movement of the thumb, 2/second,
recording from scalp over the contralateral hand region of
somatosensory cortex to a posterior parietal reference, and
often also recording both from the seventh cervical spine,
and from Erb's point, to a mid-frontal reference.

VEPs were slow in most cases independent of the diag-
nosis. SEPs were slow in most patients with Friedreich's
Ataxia, Combined Cerebral and Cerebellar Atrophy, and Ataxia
Telangectasia. However, SEPs were normal in most patients
with Olivopontocerebellar Atrophy (OPCA). BAEPs were present
and normal in most conditions, including Friedreich's.
However, BAEPs were abnormal in all of the OPCA patients.
Left-right symmetry was preserved in SEP and VEP abnormali-
ties, but BAEPs were often asymmetric when abnormal.

These findings agree with previous reports, extend the
diseases and modalities tested, but disagree with a previous
report of absent BAEPs in most Friedreich's patients.
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SPROUTING OF DORSAL ROOT AXONS FOLLOWING NEURAL INJURY. Richard
E. Coggeshall and Claire E. Hulsebosch, Depts. of Anatomy and of
Physiology and Biophysics and the Marine Biomedical Institute,
The University of Texas Medical Branch, Galveston TX 77550 -

Sprouting of dorsal root axons that follows partial denerva-
tion of the mammalian spinal cord has been indicated by several
investigators using the silver staining method. However, this
method is not adequate for quantifying the increase in axonal
numbers which is called sprouting. Accordingly, the present
ultastructural study was undertaken to quantify the numbers of
myelinated (M) and unmyelinated (UN) axons in the dorsal roots
on the operated (OP) and normal (N) side of the rat spinal cord
after hemisection (HS) at birth or after cutting 3 consecutive
dorsal roots above and below a spared root (SR) in rats one
month old. Data from the pair of dorsal roots just cranial and
caudal to the lesions as well as data from the spared roots are
shown in the following table in which each number is a mean
value from at least 4 rats allowed to survive 1 month or 3 months,
as indicated, after surgery.

HS HS SR

1 MONTH 3 MONTHS 1 MONTH

POST-OP POST-OP POST-OP

op N Op N OoP N
CRANIAL MY 1340 1298 1353 1282 1398 1411
ROOTS UN 3751 3183 4029 3371 4316 3541
SPARED LESION LESION MY 1629 1641
ROOTS UN 5226 4448
CAUDAL MY 1346 1339 1473 1459 2191 2133
ROOTS UN 4061 3237 5336 3975 5671 5610

The data indicate 1) there is no significant difference in the
myelinated axon population in each pair, 2) there is a signifi-
cant increase in the unmyelinated axon population of dorsal roots
on the operated side except in the SR caudal roots, and 3) the
increase in the unmyelinated population persists 3 months after
hemisection. Therefore, the major conclusions are 1) that the
unmyelinated axons are the sprouting population and 2) that sur-
vival time after the initial insult does not change the amount
of sprouting. These data confirm that dorsal root axons sprout
in response to spinal cord denervation and show that this sprout-
ing can be quantified. Further work relating the amount of
sprouting to age is underway. Supported by NIH grants NS 10161,
NS 06246, NS 07377 and NS 11255.

DENDRITIC OUTGROWTH FROM AN ADULT INSECT MOTONEYRONE
AFTER NEURAL LESIONS. R.M. Pitman and K.A. Rand . Department
of Physiology & Pharmacology, University of St Andrews,
Fife, Scotland KY16 9TS.

Alterations in dendritic field following neural
damage may reflect the ability of a neurone to undergo
adaptive changes. However, the factors controlling
dendritic modification are unclear. Deafferentation
of interneurones in immature insects may be followed
in different instances either by reduced growth or
sprouting of specific dendrites (Murphey et al. J.
comp. Neurol., 159: 407, 1975; Hoy et al. Soc. Neurosci.
Abstr., 4:115, 1978), while similar lesions may produce

_no detectable change in dendritic field of adult insect

interneurones (Tweedle et al. Brain Res., 60: 471,
1973). We report here experiments in which dendritic
sprouting has been observed in an identified adult
insect motoneurone following neural lesions.

We have studied the metathoracic 'fast' coxal depressor
motoneurone of the cockroach, Periplaneta americana,
by intracellular cobalt injection and silver intensification
at various intervals after a number of nerve trunks
to the metathoracic ganglion had been severed.

We have made the following observations: (1) Axotomy
is not a potent stimulus for dendritic growth; although
supernumerary processes may occasionally develop after
severing the nerve trunk in which the axon of this
neurone travels (nerve 5), the extent of this sprouting
is limited. (2) Sprouting is usually more extensive
if a number of nerve trunks are severed. (3) Extensive
dendritic sprouting may follow lesions which damage
neither the axon nor the dendrites of the neurone
under study. (4) Processes may grow well beyond the
normal dendritic field of the neurone. Dendrites of
this motoneurone are normally restricted to the ganglionic
neuropile ipsilateral to its cell body and axon. However,
after nerve trunk lesions, processes may extend into
anterior or posterior connectives, into the contralateral
neuropile or into inappropriate segmental nerve trunks.
(5) New processes frequently have varicosities both
along their length and at their ends.

We conclude that dendrites of adult insect neurones
may have a greater capability for outgrowth than has
been previously thought; direct physical damage to
neurone is not a pre-requisite for dendritic sprouting
to occur.
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SPROUTING AND SYNAPSE FORMATION BY AXONS WHILE SEPARATED FROM
THEIR CELL BODIES. S. Rotshenker, Dept. of Anat. & Embryol.
Hebrew Univ. Med. Sch., Jerusalem, Israel.

In previous studies (Rotshenker, J. Physiol. 292:535, 1979;
Rotshenker and Reichert, J. Comp. Neurol. 193:413, 1980) we ob-
served that axotomy of the nerve to one cutaneous-pectoris mus-
cle of the frog induced sprouting and synapse formation in the
intact contralateral muscle, thus producing a pattern of super-
numerary innervation. 1In a recent study (Rotshenker;, Neurosci.
Abs. 10, 1980) I examined the ability of colchicine to imitate
axotomy in producing contralateral sprouting and synapse forma-
tion after the drug was applied to nerves of left muscles and
found that supernumerary innervation developed in both left and
right muscles. The appearance of new synapses occured after
about 2.5 weeks in right muscles but as early as 2 days in left
muscles. The short latency response in left muscles raised the
possibility that colchicine induced the sprouting of axons that
were exposed to it directly independent of their cell bodies.

To test this hypothesis I examined the ability of motor axons to
sprout and form synapses while being separated from their cell
bodies. Cutting the left 2nd spinal nerve that contains the
axons innervating the muscle close to its exit from the spinal
cord resulted in a failure to record end plate potentials
(e.p.p.s) by the 4th day after the operation. E.p.p.s. were re-
corded throughout the first 3 days as faithfully as in intact
muscle. The incidence of polyneuronal innervation detected
electrophysiologically 2 and 3 days after the operation was
17.5+1.0%(SEM) in left muscles and 19.0+1.6%(SEM) in right mus-
cles. In a second group of frogs the 2nd left spinal nerve was
cut and 0.01-0.015 M of colchicine applied to the nerve to left
muscles at axilla (about mid way between the spinal cord and
muscle). The incidence of polyneuronal innervation detected
electrophysiologically 2 and 3 days after the operation was
30.8%2.0%(SEM) in left muscles and 18.2+1.9%(SEM) in right mus-
cles. This reflects a significant 1.7 fold increase over normal
in the incidence of polyneuronal innervation in muscles whose
axons were treated with' colchicine while being separated from
their cell body. In such muscles morphological studies produced
anatomical evidence for sprouting and synapse formation. Our
previous observations on the transneuronal induction of sprout-
ing and synapse formation and the present finding that the same
motor axons can respond in a similar way after being exposed to
low doses of colchicine while being separated from their cell
body further suggest that motor neurons may be induced to sprout
in more than one way, whether by presenting appropriate stimuli
to their soma and central processes or peripheral extensions.

EXPANSION OF THE RECEPTIVE FIELDS OF LEECH NOCICEPTIVE CEELS
FOLLOWING DELETION OF SINGLE NEU§ONES. Susanna Blackshaw ,
John Nicholls™ and Itzhak Parnas™. 1. Institute of Physiology,

the University, Glasgow Gl12 8QQ, Scotland; 2. Neurobiology
Department, Stanford University Medical School, Stanford CA
94305; 3. Neurobiology Department, Hebrew University, Jerusalem.

In the leech, the cell bodies of nociceptive neurones or "N"
cells lie within the central nervous system. They are easily
identified and much is known about their electrical properties,
their arborization within the CNS, their synaptic connections
with segmental motorneurones, and the way in which they sprout
and regenerate these central connections after injury. In con-
firmation of earlier work, N cells do respond selectively to
noxious mechanical stimulation of the skin, but not to touch,
light pressure or stretch applied to the body wall (Nicholls,
J.G. and Baylor, D.A., J. Neurophysiol. 31: 740-756, 1968).

The skin fields of the 2 cells on one side of a ganglion over-
lap - each neurone innervates a well defined area extending
from the ventral midline to the dorsal midline and covering the
ipsilateral half of the body segment. In addition, and in
keeping with its nociceptive role, one of the 2 cells is also
driven by noxious stimulation of connective tissue lining
internal viscera. .

After 3 of the 4 N cells in a ganglion of a living animal
have been killed by intracellular injection of Pronase, the
receptive field of the remaining N cell spreads into the de-
nervated area. Some enlargement of the skin field is apparent
by 3 weeks. After 12 weeks the neurone has expanded its field
to cover the entire area on the other side of the animal, a
region it does not normally supply. The spread of N cell
receptive fields is modality specific. When N cells have been
killed, the fields of mechanosensory neurones responding to
touch (T) or pressure (P) are unchanged.
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TRANSPORT OF CYTOSKELETAL PROTEINS IN NEWLY-FORMED AXONS OF
REGENERATING RAT SCIATIC NERVE MOTONEURONS. I. G. McQuarrie,
M. King* and R. J. Lasek. Department of Anatomy, Case Western
Reserve University School of Medicine, Cleveland, OH 44106.

The polypeptide composition of the two slowest rate
components of axonal transport has been determined for guinea
pig retinal ganglion cells by using gel electrophoresis of optic
nerve segments following intra-ocular injection of labeled amino
acids (Black & Lasek, J. Cell Biol. 86:616-623, 1980). Each
component has a unique composition; the faster component moves
at 2-3 mm/d (SCb), and the slower at 0.25 mm/d (SCa). The
microfilament network of the axon apparently advances with SCb,
and the microtubule-neurofilament network with SCa. In rat
retinal ganglion cells, SCb and SCa have the same rates and
compositions (McQuarrie et al., Soc. Neurosci. Abstr. 6:501,
1980). .

In similar studies on rat sciatic nerve motoneurons,

SCb advanced at 3.4 ¥ 0.6 mm/d (clathrin peak) and SCa advanced
at 1.2 ¥ 0.2 mm/d (neurofilament peak), when animals were

5-8 weeks old at the time of injection (400-750 uCi 35s-
methionine into the ventral horn at the T13-L1 interspace).

When the L4 spinal nerve was crushed at one week after
injection, the waves of labeled slow component proteins were
trapped between the crush and the spinal cord. By 2 days later,
when sprouting began, labeled SCb proteins had accumulated
proximal to the crush. Subsequently, at axonal outgrowth times
of 5-15 days, a peak of labeled SCb proteins advanced distal to
the crush at a rate of 3.3 + 0.2 mm/d. This rate was comparable
to the axonal outgrowth rate of 3.6 to.4 mm/d, arrived at by
using two methods that yielded identical mean rates: the nerve
pinch test, and the farthest advance of labeled neurofilament
proteins. The SCb peak was enriched in actin, tubulin, and

32 kilodalton proteins; other SCb proteims, including clathrin
and the 70 kilodalton group, did not have increased
radioactivity levels at the site of the peak.

In summary, newly-formed axons of regenerating rat sciatic
nerve motoneurons have an SCb. rate that is unchanged from normal
and is similar to the axonal outgrowth rate. Actin and tubulin
appear to enter axonal sprouts preferentially. In these
neurons, actin and tubulin are normally found in both SCb and
SCa (McQuarrie et al., Soc. Neurosci. Abstr. 6:501, 1980).

Since protein components of the two cytoskeletal networks are
transported together and preferentially enter axonal sprouts in
these vigorously regenerating neurons, we conclude that the
presence of a dynamic association between the two networks may
be a requirement for optimal axonal regeneration.

15.6

TRANSNEURONAL REGULATION OF SYMPATHOHIPPOCAMPAL SPROUTING. R.
Madison* and J.N. Davis. (SPON: E. Olender). Depts. of
Anatomy, Pharmacology and Neurology, Neurology Research
Laboratory, Duke Univ. Med. Ctr. Durham, NC 27705.

Peripheral noradrenergic fibers from the superior cervical
ganglion (SCG) appear in the rat hippocampal formation (HF)
after damage to the fimbria or medial septum (MS). Unilateral
section of the preganglionic trunk of the SCG
(decentralization) prior to a MS Tesion results in apparently
less peripheral sprouting in the ipsilateral HF as judged by
fluorescent microscopy. In order to extend and quantitate the
effects of decentralization radiochemical measurements of
norepinephrine (NE) were carried out bilaterally in the HF of
adult male Sprague-Dawley rats after unilateral decentralization
of the SCG and bilateral electrolytic MS lesions. Animals were
sacrificed 4, 7, 9 or 12 weeks later and processed either for
fluorescent microscopy or for radiochemical determinations of NE
levels for the dentate and hippocampal gyri.

Normal (unoperated) animal dentate NE was 0.63 + 0.10 wug/gm.
Histochemical sprouting of peripheral sympathetics in the den-
tate on the side contralateral to SCG decentralization appeared
vigorous and continued to increase over time. Dentate NE levels
were 0.89 + 0.17 at 9 weeks (p < 0.05 vs. normal dentate) and
1.39 + 0.32 at 12 weeks (p < 0.001). By contrast fewer fibers
were present in the dentate ipsilateral to the decentralization
at 4 and 7 weeks. NE levels were 0.43 + 0.06 ipsilateral and
0.82 + 0.12 contralateral (p < 0.05) to the decentralization at
7 weeks after the lesion. Unexpectedly no difference in the
density of peripheral fibers could be seen at 9 weeks or there-
after. NE levels also dramatically increased at 9 weeks
ipsilateral to the decentralization (0.96 + 0.06) and continued
to increase at 12 weeks (1.22 + 0.28). No differences in NE
Tevels were noted in the hippocampal gyri at all times studied.

These data show 1) that peripheral noradrenergic sprouting
continues to increase for up to 12 weeks after MS lesions and 2)
that loss of afferent input reduces the extent of peripheral
noradrenergic spouting. It seems likely that the increase in
sprouting ipsilateral to the decentralization after 9 weeks
represents reinnervation of the SCG by preganglionic fibers.
These experiments . demonstrate the regulation of a neuronal
rearrangement by afferent input due either to nerve impulse flow
or transneuronal transfer of a factor or factors. This unusual
model of sprouting allows quantitation of regulatory mechanisms
and should be useful in understanding some of the principles
underlying neuronal rearrangements in the adult rat brain.

Supported by NIH NS 06233 and VA 1680.




16.1

16.3

VESTIBULAR SYSTEM 39

VESTIBULAR NERVE ACTIVITY INDUCED BY OFF VERTICAL AXIS ROTATION.
Theodore Raphan, Walter Waespe*, Bernard Cohen, Dept. of Neurol-
ogy, Mount Sinai- School of Medicine, New York, N.Y. 10029.

Semicircular canal and otolith afferents were recorded in the
vestibular nerve while monkeys were given steps of velocity
about off vertical axes to determine the role of the peripheral
labyrinth in generating the continuous nystagmus induced by this
stimulus. Average frequency of firing was obtained by a comput-
er program that counted the number of spikes within a 192 msec
window and updated the count every 1.6 msec. The algorithm had
a resolution of 5 Hz, a frequency response of a zero order hold
system and a linear range up to 625 Hz. Neurons were tested us-
ing velocities from 3.5°-180°/sec and tilt angles of 30°, 60°,
and 90°. TFor a step in velocity, semicircular canal units had
an increase in frequency which decayed to a steady state with a
time constant of 3-6 sec. These units did not show a direction
specific steady state response to off vertical axis rotation
(Goldberg & Fernandez, 1981). The average frequency of firing
was either not affected or increased, and there was little or no
modulation in relation to head position. Otolith units on the
other hand modulated their activity in relation to head posi-
tion. The firing rates of '"regular" otolith neurons were ap-
proximately sinusoidal and the peak firing rates occurred at
head positions that were approximately independent of the veloc-—
ity of rotation, direction of rotation or angle of tilt. Phase
differences between these modes of excitation were within 20° of
each other. The depth of modulation was related to tilt angle
and presumably was dependent on the neuron's polarization angle.
Peak frequencies of irregular neurons, including those that had
no steady state response to static head tilts, occurred at spe-
cific head positions while rotating. The phase of the peak fre-
quency was not significantly altered with speed of rotation or
phase of tilt. Differences in phase were within 20-30° for spe-
cific directions of rotation. However, there was a phase change
in peak frequency for oppositely-directed rotation. It was
close to 100° in some instances. The data indicate that the
semicircular canals play a subordinate role in the generation of
continuous nystagmus during off vertical axis rotation. The un-
changing phase relation of peak frequency relative to given head
positions for regular as well as irregular units during unidi-
rectional rotation is consistent with the theory that sequential
activation of otolith units induces traveling waves in the cel-
lular structure of the maculae. The velocity of this wave is
detected centrally and converted to a signal that activates the
velocity storage integrator to generate the continuous nystagmus

Supported by NINDS Grant NS 00294, NEI AIA (T.R.), Core Grant
EY-01867 and Fogarty Fellowship FO05 TW02768 (W.W.).

DIFFERENTIAL PROJECTIONS OF REGULARLY AND IRREGULARLY DISCHARGING
VESTIBULAR-NERVE AFFERENTS ONTO INDIVIDUAL SECONDARY NEURONS OF
THE SUPERIOR VESTIBULAR NUCLEUS IN THE BARBITURATE-ANESTHETISED
SQUIRREL MONKEY. J.M. Goldberg, C. Ferndndez* and S.M. Highstein.
Depts. of Pharmacol. Physiol. Sci. and of Surgery (Otolaryngol.),
University of Chicago, Chicago, IL 60637 and Dept. Neuroscience,
Albert Einstein College of Medicine, Bronx, NY 10461.

Vestibular-nerve fibers, in responding to brief electric
shocks,delivered via the perilymphatic space, show large varia-
tions in their firing thresholds; irregularly discharging (I)
afferents have lower thresholds than do regularly discharging (R)
afferents (Neurosci. Abstr., 6:224). The two afferent groups
also differ in their conduction times (Brain Res., 122:545).
These findings have been exploited to study the central projec-
tions of I and R afferents. Intracellular recordings were made
from secondary neurons in the superior vestibular nucleus (SVN).
Monosynaptic EPSPs were evoked by shocks delivered to the
ipsilateral labyrinth. The difference in afferent thresholds
depends on synchronizing the shock to the last occurrence of an
action potential. For this reason, a two-shock paradigm was used.
Shock strength is expressed in multiples of the extracellular
field threshold (T) recorded in the SVN. The first shock was
kept at a high intensity (16-32xT) so as to synchronize
vestibular-nerve activity. The second shock was presented 4 msec
later and was varied from 1xT to 16-32xT. Our vestibular-nerve
data indicate that I afferents are recruited at 1-4xT, R afferents
at 4-32xT. SVN neurons differ in the ways their EPSPs grow as
the intensity of the second shock increases. Three broad and
probably overlapping groups can be recognized. Some neurons have
low EPSP thresholds (1-2xT) and show near-maximal EPSPs for
shocks of 4xT or less. Other neurons have EPSP thresholds
greater than 4xT and maximal EPSPs are evoked only at 16-32xT.
Still other neurons have low EPSP thresholds (1-2xT) and their
EPSPs continue to grow up to 16-32xT. The respective groups are
likely to represent neurons receiving a predominantly I-fiber
input, a predominantly R-fiber input, and a mixed (M) innervation
of I and R inputs. The latent periods of EPSPs are consistent
with this interpretation and the established differences in
vestibular-nerve conduction times. I-input neurons have shorter
latent periods than do R-input neurons. In M-input neuroms, it
is the later portions of the EPSPs which grow as shock intensity
is raised and as the more slowly conducting R inputs are
presumably recruited. Our results imply that the diversity of
afferent information carried by I and R afferents is preserved at
the level of the vestibular nuclei.

(Supported by NIH grants NS 01330 and EY 01670 and by NASA
grant NGR-14-001-225.)
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EFFECT OF STATIC HEAD POSITION ON THE DURATION OF VERTICAL OPTO-
KINETIC AFTER NYSTAGMUS (OKAN) IN MONKEYS. V. Matsuo*and B.
Cohen. Depts. of Neurology and Opthalmology, Mt. Sinai School
of Medicine, New York, N.Y. 10029., Spon.: H. Krieger, M.D.

Although horizontal OKAN is generally left-right symmetrical
with regard to peak velocities and time constants, vertical OKAN
is asymmetrical. When animals are tested on their sides, down-
ward OKAN reaches higher velocities and is longer-lasting than
upward OKAN. A testing apparatus recently became available that
permitted us to induce OKN in various planes with respect to the
animal and to the earth. An unexpected finding was that the
time constant of vertical OKAN was modified by the attitude of
the head.

Vertical OKAN was induced in 5 monkeys using full field stim-
ulation. Eye movements were recorded using d.c. electro-oculo-
graphy. Downward OKAN (re: the animals's longitudinal axis) was
induced by rotating the optokinetic drum with the animals in
various angles of tilt in the roll axis. One animal was also
placed in the prone, supine and 25° pitch forward positioms.
Steady state slow phase velocities of OKN were similar regard-
less of head orientation, and peak velocities of OKAN were not
markedly affected. However, time constants (TC's) of downward
OKAN were much shorter when the animal was upright. Mean TC's
were 14.7 sec, + 6.9 when the animals were horizontal. In con-
trast, mean TC's were 1.9 sec, + 1.1 when animals were upright.
Downward OKAN TC's varied as a function of the angle of tilt,
decreasing at a rate of approximately 10% of the maximum value
every 10° of deviation from the lateral position. With the ani-
mal in the prone and 25° pitch forward positions, the time con-
stants of downward OKAN were reduced to the range observed when
animals were upright. When supine, time constant values were
intermediate. Upward OKAN is weak or absent in normal animals
(Matsuo et al., 1979). When present, upward OKAN also was most
vigorous when the animal was in the lateral position and weakest
when upright.

The results are consistent with psychophysical findings of
Young et al. (1975) who reported that the sensations of pitching
and linear vection during vertical OKN were strongest when sub-
jects were in the lateral position and weakest when subjects
were upright or 25° pitched forward. Activity responsible for
the changes in time constant of downward OKAN presumably origi-
nates in the otolith organs since it was preserved in animals
with their semicircular canals disabled.

Supported by NS 00294, Training Grant EY 07014-06 and Core
Center Grant EY-01867.

VERTICAL SEMICIRCULAR CANAL AND OTOLITH INTERACTIONS IN THE VES-
TIBULO-NECK REFLEXES OF THE ALERT CAT. John H. Anderson and C.
Paggas*, Dept. Otolaryn. and Physiol., U. Minn., Mpls., MN, 55455

Because of the linkage of head with neck, disturbances of pos-
ture are greatest in the vertical planes and are likely to stimu-
late both the vertical semicircular canals and otolith organs.
The aim of the present experiments was to determine the relative
contributions to the neck muscle responses by the otolith and
canal inputs and to provide evidence for participation by both
the utricule and saccule. Alert, blindfolded cats were used.
Each animal was restrained and subjected to sinusoidal roll rota-
tions from 0.04 to 4.0 Hz with displacements of up to 140 deg.
The EMG response of the sternomastoid muscle, a rotator and ven-—
tral flexor of the head, was recorded.

When the animals were positioned in the normal, right side up
position, the right and left muscles responded in a reciprocal
manner and relative to contralateral angular acceleration, the
EMG's showed phase lags of 130-150 deg at the low frequencies.
Above 1.0 Hz the phase lag became significantly less, e.g., 80-
110 deg at 3.0 Hz, and is presumably due to the canal inputs. At
the lower frequencies the otolith inputs become relatively larger
and would be expected to have a significant effect on the muscle
activity. Some evidence for this was obtained by the vectorial
addition of two independent sets of data. For this, one set of
recordings was made while rotating the animal to either side af-
ter it had been placed upside down. This was done to selectively
change the otolith input: It had the opposite sign compared to
normal while the canal input remained exactly the same. The re-
sults showed a significant difference: The phase lag was much
less at the lower frequencies (e.g., about 70-90 deg at 0.1 Hz)
up to about 0.2 to 0.4 Hz, indicating that the otolith inputs
(e.g., utricular) were, in fact, contributing to the EMG respon-
ses. A second set of recordings was made while rotating the ani-
mal after it had been turned 90 deg onto its side. In this situ-
ation the component of gravity along the animal's z-axis was mod-
ulated such that the otoliths (e.g., saccules) on the right and
left were simultaneously stimulated instead of reciprocally so as
for the normal, right side up position, although the canal input
was exactly the same. The EMG of the muscle on the top side
showed much less of a phase lag compared to normal, whereas the
EMG of the muscle on the underside showed a phase similar to nor-
mal. Thus, the right and left EMG's were neither in phase nor
180 deg out of phase with each other. These results indicate
that during vertical rotations, the canal inputs predominate at
high frequencies whereas at lower frequencies the canal, utricu-
lar, and saccular inputs each make significant contributions.
(Supported by NATO & NIH grants, RO1-NS 16567 & K05-NS-00395.)
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MORPHOLOGY OF SECONDARY VESTIBULAR NEURONS LINKED TO THE
POSTERIOR CANAL IN RABBIT AND CAT. W. Graf*, R. A. McCrea and
R. Baker. Dept. of Physiol. and Biophys., New York Univ. Med.
Ctr., 500 First Avenue, New York, N.Y. 10016.

The vertical vestibulo-ocular reflexes have been subject to
behavioral and electrophysiological studies, yet less infor-
mation has been contributed about the morphology of the neu-
ronal network. The present study investigated the morphology
of secondary vertical vestibular neurons by injecting HRP into
cells connected to the posterior canal. Bipolar electrodes
were implanted into the ampullae of the anterior and posterior
(PC) semicircular canals of pigmented rabbits while vestibular
neurons in cats were identified by natural and electrical
stimulation. Axons monosynaptically activated by PC stimu-
lation were injected in the contralateral rostral MLF (exci-
tatory pathway) and later reconstructed after processing the
brain with a DAB-CoCl, method. The cell bodies of these
neurons were located in either the medial or ventro-lateral
vestibular nuclei. In the rabbit, all of the axons bifurcated
after crossing the midline, with one branch ascending and the
other descending in the MLF. The ascending branches gave rise
to collaterals which terminated in the trochlear and inferior
rectus subdivision of the oculomotor nuclei. In addition a
few of these axons also sent collaterals into the interstitial
nucleus of Cajal, the paramedian pontine reticular formation
and the periaqueductal grey. The descending branches were
followed to the caudal part of the medulla in the MLF. These
branches gave rise to collaterals which terminated in the
vestibular nuclei, the reticular formation, the nucleus pre-
positus hypoglossi and the abducens nucleus. In the cat, we
observed similar termination patterns with collaterals to both
trochlear and oculomotor nuclei. However, axon collaterals of
some neurons crossed the midline after terminating in the
inferior rectus subdivision and reached a similar part of the
contralateral oculomotor nucleus. Collaterals of these axons
also terminated in the supraoculomotor region between troch-
lear and oculomotor nuclei, but no descending axonal branches
to the spinal cord have yet been observed. Collaterals to the
archicerebellum were not seen in either species. Our data
indicate strong similarities in the morphology of PC linked
secondary vestibular axons in the two species. Slight differ-
ences in termination pattern probably reflect the different
kinematic properties of extraocular muscles required for
compensatory eye movements in lateral- versus frontal-eyed
animals. Supported by USPHS Grants NS05857, EY02007 and DFG
Grant Gr 688/1.

16.6 GABAergic TERMINALS IN THE LATERAL VESTIBULAR NUCLEUS: AN

IMMUNOCYTOCHEMICAL DEMONSTRATION OF THE CEREBELLAR
CORTICOVESTIBULAR PATHWAY. C.R. Houser, J.E. Vaughn and R.P.
Barber*. Division of Neurosciences, City of Hope Research
Tnstitute, Duarte, CA 91010.

Physiological studies have demonstrated that.Purkinje cells
in the anterior lobe of the cerebellar cortex mediate a
GABAergic inhibition of neurons in the dorsal part of the
lateral vestibular nucleus (dLVN). Since the anatomical
substrates of this pathway have not been completely elucidated,
we have used an immunocytochemical method for the localization
of the GABA synthesizing enzyme, glutamic acid decarboxylase
(GAD), to describe the relative number, location and
ultrastructural characteristics of GAD-positive (GAD+) axon
terminals in the dLVN and to examine the effects of cerebellar
cortex ablation on these terminals.

Specimens containing the dLVN were obtained from normal rats
and from rats in which the vermis of the anterior cerebellar
Tobe was ablated 12 days prior to sacrifice. The tissue was
processed for GAD immunocytochemistry and examined by both
light and electron microscopy. In normal rats, GAD+ axon
terminals were numerous in the dLVN, and were concentrated
around the somata and proximal dendrites of large and medium
sized neurons. A large number of GAD+ terminals also were
present in neuropil regions, suggesting that GABAergic synapses
may be located on dendrites of many sizes. Ultrastructural
observations confirmed the presence of GAD+ synapses at these
sites and showed that GABAergic terminals frequently were
located - adjacent to one another on neuronal somata and proximal
dendrites, where they occasionally displayed an en passant
pattern of synaptic contacts. Most GAD+ terminals formed
symmetric or intermediate type synaptic junctions and contained
moderate numbers of synaptic vesicles and mitochondria.
Following ablation of the anterior vermis, the number of GAD+
terminals in the dLVN decreased by 73%, the loss being slightly
greater around neuronal somata and proximal dendrites than
within adjacent neuropil regions.

These results indicate that neurons of the dLVN are
contacted by numerous GABAergic synaptic terminals, and that a
large majority of these terminals originate from the cerebellar
cortex of the anterior vermis. The large number of GABAergic
terminals and their proximal location on many of the neurons
suggest that the function of the dLVN in the control of posture
and movement may depend to a large extent upon the modulation
of GABAergic inhibition. Supported by USPHS Grant NS12116 from
the National Institute of Neurological and Communicative
Disorders and Stroke.
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NEONATAL 6-HYDROXYDOPAMINE ADMINISTRATION ELIMINATES SPARING OF
FUNCTION AFTER NEONATAL FRONTAL CORTEX.DAMAGE. R. J. Sutherland,
B. Kolb, J. B. Becker, and I. Q. Whishaw, Dept. of Psychology,
The Univ. of Lethbridge, Lethbridge, Alberta, Canada, T1K 3M4.

Bilateral removal of the frontal cortex in adult rats causes
a disruption of behaviour requiring accurate spatial orientation
and chronically reduces the body weight set-point. Previous work
has shown that if similar damage is produced in neonatal rats,
then adult spatial orientation and body weight set-point appear
to be normal. This sparing of function after neonatal damage
depends upon the integrity of the remaining posterior neocortéx
(Kolb & Whishaw, J. Comp. Physiol. Psychol., 1981, in press).
Several lines of evidence indicate that neocortical and hippo-
campal synaptic plasticity are modulated by the local availability
of noradrenaline (NA) ( Kasamatsu, et al., Science, 1976, 194,
206-209, J. Neurophysiol., 1981, 45, 254-266; Goddard, et al.,
Neurosci. Abstr., , 10, 89). The present experiment examined
the possibility that the behavioural sparing associated with
early brain damage depends upon the availability of cortical NA.

Sixty Long-Evans X Wistar rats received neonatal or adult
frontal cortex removal, neonatal 6-hydroxydopamine (6-OHDA)(3 X
100 mg/kg, ip) or saline injections, or both neonatal frontal
removal and neonatal 6-OHDA. A1l rats were tested as adults in
the Morris water maze, in running wheels, in a straight swimming
alley, chronic body weight was recorded, and these measures were
correlated with Tevels of cortical NA.

The most significant findings were that: 1) frontal cortex re-
moval in adults produced a severe spatial deficit in the Morris
water maze, 2) neonatal frontal cortex removal was associated
with significant sparing in this task, 3) neonatal frontal cortex
removal in rats depleted of cortical NA produced as severe a spat-
ial deficit in the water maze as adult frontal removal, 4) neo-
natal 6-OHDA alone did not affect spatial behaviour, 5) chronic
body weight set-point was normal in male rats with only neonatal
frontal cortex removal or only neonatal 6-OHDA, but was reduced
in rats with adult frontal cortex removal or neonatal frontal
cortex removal following NA depletion, and 6) in females only the
neonatal frontal cortex removal in rats depleted of cortical NA
produced a chronically reduced body weight set-point.

These findings are consistent with an important role for NA
systems in permitting the sparing of behavioural functions assoc-
iated with early brain damage and extend to the neural systems
involved in feeding and cognitive behaviours in the rat the
notion that NA modulates neuronal plasticity.

EFFECT OF 5HTP ON H-REFLEX RECOVERY CURVES. J. Metz, H.H.
Holcomb, and H.Y. Meltzer. University of Chicago, Department
of Psychiatry, Chicago, I11inois 60637.

The recovery curve of the H-reflex is abnormally high in
about 25% of psychiatric patients (Metz et al., Psychol. Med.
10, 541-548). We have conducted pharmacological studies to
understand the neural transmitter mechanisms which may underlie
this abnormality. In this study, we found that d,1 5-hydroxy-
tryptophan (5HTP) decreases the H-reflex recovery curve less
frequently in patients with primary affective disorders than in
normal controls.

We administered 200 mg 5HTP orally to 10 normal subjects and
29 patients with affective disorders (RDC diagnoses: 11 de-
pressed, 8 manic, 7 schizoaffective depressed, 3 sa manic).
Subjects were tested twice on the recovery curve: a baseline
test and a test 2 hours after S5HTP. Some patients were tested
both with and without other treatment.

The normal group had lowered recovery after GHTP relative to
the baseline condition (t = 3.06, p <.02). Unmedicated
patients, however, showed no significant effect of 5HTP. Eight
of 10 normal subjects had lowered recovery following 5HTP, but
only 11 of 27 unmedicated patients had decreased recovery
(Fisher exact probability = .038). No significant differences
were found among different classes of patients. Patients re-
ceiving antidepressants (5 of 7 decreased after 5HTP) or
lithium carbonate (4 of 7 decreased) more closely resembled
normals in their response to 5HTP.

The decrease in the recovery curve following 5HTP in normal
subjects suggests that a serotonergic mechanism influences the
excitability of the alpha-motoneuron. We have found a similar
decrease in the recovery curve in normal subjects and in
psychotic patients following acute or chronic treatment with
chlorpromazine. The SHTP effect, therefore, may be mediated
by a decrease in post-synaptic dopaminergic activity. These
results suggest a reduced sensitivity to serotonin or an
abnormal interaction between serotonin and dopamine in some
patients with affective disorders. Our results also indicate
that a serotonin deficiency may underlie the abnormally high
recovery curves found in psychotic patients.

Supported in part by USPHS MH18396, MH30938 and I11. Dept. of
Mental Health; HYM is recipient of RCSA MH47808.
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EVIDENCE FOR RECOVERY OF FUNCTION FOLLOWING 6-HYDROXYDOPAMINE

LESIONS OF THE DORSAL TEGMENTAL NORADRENERGIC BUNDLE. D.C.S.
Roberts, D.S. Segalt, G.J. Vickers* and B.A. Pappas. Dept. of
Psychology, rleton Univ., Ottawa, Canada, KIS : 1Dept. of

Psychiatry, U.C.S.D., La Jolla. CA. 92093.

6-Hydroxydopamine (6-OHDA) injections into the region of the
dorsal tegmental bundle (DB) have been used by several
laboratories to investigate the involvement of noradrenaline
(NA) in a variety of behaviours. This treatment causes
degeneration of the ascending projection from the locus
coeruleus to the forebrain, and reduces MNA levels in the
hippocampus and cortex to approximately 5% of control levels.
Because this depletion requires 2-3 weeks, most behavioural
studies using the DB-60HDA treatment have not been initiated
until several weeks post-lesion. Despite the severe depletion of
NA, in general, no consistant or major deficits have been
attributed to this NA loss; although some subtle or unreliable
effects have been noted. Because recovery of function occurs to
some extent after most brain lesions, we tested the hypothesis
that recovery occurs several weeks following the DB-60HDA
treatment, and that major deficits or alterations in behaviour
may be apparent at time points closer to the lesion. We now
report that behavioural effects are observed several days after
the lesion which disappear or are attenuated by 3 weeks.

D-amphetamine (2.5 mg/kg) was found to produce significantly
more . intense stereotyped behaviours (particularly oral
movements) in DB-60HDA treated animals when compared to control
animals, when tested 3 days post-lesion. This increase in
stereotypy was also reflected by a significant decrease in
locomotor  activity during the peak stereotypy phase. 1In
contrast, when tested 3 weeks post-lesion, the DB-60HDA group
showed less stereotypy, compared to controls. The augmented
sterotypy could be reinstated, however, after drug challenge of
repeated daily injections of amphetamine. The facilitation of
oral stereotypy seen at post-lesion day 3 agrees with previous
reports using NA synthesis inhibitors and blocking agents.

Similarly, the DB-60HDA treatment was found to have
time-dependant effects on acquisition of a two way shuttle box.
When tested 3 days post-lesion, the DB-60HDA group required
significantly more trials to reach criterion (18 avoidances /20)
during a one day training session (DB-60HDA=68+ 14 trials;
control=35+ 4). No differences were found between groups when
testing was delayed 3 weeks. While the nature of the deficit
(associative vs non-associative) observed several days after the
DB-60HDA  treatment is not yet established, the results
demonstrate that recovery may occur following the lesion, and
suggest the “"true effects” of the lesion may be manifest soon
after the lesion. (Supported by the Medical Research Council).

6-HYDROXYDOPAMINE MODELS OF CHILDHOOD HYPERACTIVITY: EFFECTS OF
AMPHETAMINE ON SWIMMING AND LOCOMOTOR ACTIVITY IN NEONATAL RATS.

G. K. Hodge. Dept. of Psychology, University of New Mexico,
Tbuquerque, NM 87131.

Because stimulant medications are sometimes effective in at-
tenuating the symptoms of childhood hyperactivity, and since
drugs such as dextroamphetamine (DEX) are believed to act, in
part, by facilitating dopamine (DA) function, it has been sug-
gested that the symptoms of the disorder may be attributable to
decreased DA activity. Support for this position stems from
studies reporting that DEX attenuates hy?eractivity of rat pups
treated with 6-hydroxydopamine (6-0OHDA).! At the opposite end
of the developmental spectrum, DA agonists have been found to
improve swimming behaviors in aged rats.2 Normal swimming pat-
terns in the rat emerge at about the same time in which 6-OHDA
elicits hyperactivity. Since swimming requires complex coordin-
ation and integration of neural responses, this model of puta-
tive DA function may provide additional insight into the matura-
tional dynamics of DA function and dysfunction in hyperactivity.

Following desipramine pretreatment, 5-day-old rats were in-
Jjected intracisternally with either 100 ng/25 ul of 6-OHDA or
25 ul of the ascorbic acid/saline vehicle. Postoperatively,
swimming was measured daily; open-field activity was measured on
postpartum days 15, 19, and 22. Half of the animals in each
group received exclusively either 1 mg/kg DEX or saline 30 min
before behavioral observations (90 min for activity).

6-0HDA treatment retarded the normal course of development of
swimming postures; swimming remained impaired until postpartum
day 16. DEX impaired swimming in control animals through day
11; swimming tended to be facilitated thereafter until around
the third week when there was no longer any difference compared
to saline-injected controls. DEX reversed the swimming impair-
ments of 6-OHDA-treated neonates; i.e., swimming developed nor-
mally. Although 6-OHDA induced hyperactivity at days 15, 19,
and 22, DEX did not attenuate hyperactivity; in fact, it
actually increased activity even more so on days 19 and 22
(results consistent with those of Pappas et al.3).

These data suggest the importance of DA systems in the acqui-
sition and integration of certain motor behaviors. Whether the
6-0HDA preparation is a tenable model of childhood hyperactivity,
however, remains more problematic.

(Supported by HEW grant no. 1-S07-RR07185-01)

IShaywitz et al. Nature, 261: 153-155, 1976.
2Marshall & Berrios. Science, 206: 477-479, 1979.
3Pappas et al. Psychopharmacology, 70: 41-46, 1980.
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AMPHETAMINE-ELICITED ROTATIONAL BEHAVIOR: SEX DIFFERENCES AND
ESTROUS CYCLE VARIATIONS ARE NOT DUE TO DIFFERENCES IN BRAIN
LEVELS OF AMPHETAMINE. Jill B. Becker, Kimberly A. Lorenz* and
Terry E. Robinson. Neuroscience Laboratory and Department of
Psychology, University of Michigan, Ann Arbor, MI 48109.

Sex differences have been reported in amphetamine (AMPH)-
elicited behaviors. However, metabolic differences result in
different brain levels of AMPH in male and female rats given the
same systemic dose. In this study, whole brain Jevels of AMPH
were determined following the i.p. injection of “H-d-amphetamine
sulfate and subsequent separation of AMPH from its metabolites.
When male and female Holtzman rats were injected with the same
dose of AMPH, males had significantly lower brain levels of AMPH
than females. From dose-response curves we estimated doses which
would yield equal brain levels of AMPH in the two’sexes, then
confirmed the prediction. We could then study AMPH-elicited ro-
tational behavior in male and female rats which had the same
brain concentrations of AMPH at 5, 30 and 60 min post-injection.

Rotational behavior was studied in intact male and female rats
employing automated rotometers. After 15 min of habituation,
animals were injected with AMPH and rotational behavior was re-
corded for 1 hour. At 1.25 mg/kg AMPH there were no differences
in brain levels of AMPH during the female estrous cycle. A dose
of 1.56 produced brain levels of AMPH in males equivalent to the
females at 1.25 mg/kg. Thirty min after injection, there were
significant differences in the number of net rotations (# 360°
turns in predominant direction minus those made in the other di-
rection) made by the 5 groups. The number of net rotations made
by male rats during the first 30 min was significantly less than
the number made by female rats during estrus (E), diestrus 2 (D)
or proestrus (P). Female rats during diestrus 1 (D7) were not
significantly different from males. There were also significant
differences in the number of net rotations females made during
different stages of the estrous cycle. Females in E made sig-
nificantly more net rotations than Dy, D2 or P females. Rats
tested during the day of D; made significantly fewer net rota-
tions than any of the other female groups. It is interesting
that estrous females exhibited the greatest number of net rota-
tions, yet 24 hours later on D1 there was a dramatic decrease.

In conclusion, we find sex differences in AMPH-elicited rota-
tional behavior in rats known to have equivalent brain concen-
trations of AMPH. We also find estrous cycle dependent varia-
tions in rotational behavior. This suggests that in female rats
fluctuations of hormones within a physiological range can signi-
ficantly alter the activity of brain dopamine systems.

(Supponted by Grants No. NS16437 and HD05997).

17.6

NEUROBEHAVIORAL CONSEQUENCES OF MANGANESE CHLORIDE ADMINIS-
TRATION IN RATS. Charles L. Kutscher® and Catherine M. Stoney®
(SPON: J. A. Rosecrans).

Psychology Research Lab., Syracuse University, 101 Stevens
Place, Syracuse, NY 13210.

Manganese (Mn) toxicity in humans has been associated with
a variety of extrapyramidal symptoms such as tremor, abnormal
gait and loss of muscular control. Mn is ubiquitous in the
environment because of its widespread use in manufacturing
processes including gasoline distillation. Dietary administra-
tion of Mn produces changes in brain catecholamines (J. Neuro-
chem. 36: 683, 1981) and serotonin levels (J.Tox. Environ.
Health 4: 701, 1978), but no systematic studies of Mn intakes
on behavior have been done. We studied various types of motor
responses in male and female rats given 0, 0.5 or 1.0% MnCl, to
drink from weaning (21 days) until day 180 of life. Mn pro-
duced no effects on latency of forepaw suspension (tested every
10 days from 40-90 days of age), wheel running, and rotorod
performance (using two drum diameters and three speeds). No
effect was detected in gait measured by walking animals up an
inclined plane after inking the paws.

In males Mn produced a depression in body weight, but no
weight changes were noted in females. Mn produced a dose-
dependent reduction in both males and females in duration of
cold water swimming (15+1°C). Effect of the amphetamine ana-
logue phenylethylamine (PEA) on wheel turning was studied. In
males the PEA-induced hyperactivity seen in the 0% Mn group was
prevented by Mn administration in both the 0.5 and 1.0% groups.
In females activity was not affected by either Mn or PEA.

Brain levels of Mn, norepinephrine, dopamine and serotonin were
noted and correlated with behavioral changes.

Mn dosages produced no overt clinical symptomatology other
than weight deficit in males. The PEA challenge and swimming
endurance tests were more sensitive than the conventional
motor tasks used. Findings are consistent with the hypothesis
that Mn administration alters motor function and provides the
first comprehensive and systematic report of Mn-induced
behavior changes in animals.

17.8

SEX DIFFERENCES AND ESTROUS CYCLE VARIATION IN ROTATIONAL
BEHAVIOR ELICITED BY ELECTRICAL STIMULATION OF THE NIGROSTRIATAL
DOPAMINE SYSTEM. Terry E. Robinson, Dianne M. Camp* and Jill B.
Becker. Psychology Department and Neuroscience Laboratory,
University of Michigan, Ann Arbor, MI 48109.

Electrical stimulation-induced rotational behavior is thought
to provide a behavioral index of functional activity in the
nigrostriatal dopamine (DA) system. We have used this behavioral
model to investigate whether hormonal states influence the nigro-
striatal DA system in male or female rats.

Sixty-five rats were implanted with bipolar stimulating elec-
trodes aimed at the nigrostriatal DA bundle, as it courses
through the lateral hypothalamus. Electrical stimulation of
sites in or near these fibers produced vigorous contraversive
rotational behavior. The most effective sites were located
within the DA fibers, while less effective sites were located
just dorsal to the bundle. These latter sites required higher
current intensities to produce rotational behavior. The maximum
current intensity used was 300uA (0.1 msec duration monophasic
rectangular pulses). Ineffective sites were located either
medial or ventral to the DA fibers.

Each animal was tested daily for rotational behavior for a 21
day baseline period, using the same current parameters each day.
We found that the amount of rotational behavior observed in fe-
male rats varied across the estrous cycle. Vigorous rotational
behavior on the day of estrus was followed by a significant drop
on diestrus 1. The amount of rotational behavior then increased
gradually, peaking on the next day of estrus. After 21 days of
baseline testing half the females were ovariectomized (OVX) and
half the males castrated (CAST). The remaining animals received
a sham-operation. After one day of recovery, testing for rota-
tional behavior continued for an additional 30 days. OVX of
female rats resulted in a gradual and significant decline in
electrical stimulation-induced rotational behavior relative to
sham-operated females, males, or CAST males. These latter three
groups did not show a decline in rotational behavior relative to
baseline levels, and did not differ from each other. Thus, there
are sex differences in the effects of gonadectomy on electrical
stimulation-induced rotational behavior. OVX of female rats at-
tenuates electrical stimulation-induced rotational behavior while
CAST of male rats has no effect. The effect of OVX is not due
to a generalized hypokinesia in OVX females since a time sample
of spontaneous behavior failed to show group differences in the
incidence of active behaviors (walking and rearing) or immobility
in the test situation. We conclude that gonadal steroid hormones
directly or indirectly modulate nigrostriatal DA activity in
female, but not male, rats. (Supported by Grant NS16437 to TER),

DIFFERENTIAL BEHAVIORAL EFFECTS FOLLOWING REGIONA%

DOPAMINE DEPLE;ION IN RAT NEOSTRIATUM. Q;g;_ﬂg;;l_*
M.R. Holdiness™, M.D. Rosen™, and J.B. Justice, Jr.
(SPOR: H.D. Rees). Depts. of Psychology and Chemistry,
Emory University, Atlanta, GA 30322,

A number of studies have shown that near-total
destruction of the dopaminergic innervation of the
neostriatum in the rat produces a constellation of
behavioral effects including hypokinesia, aphagia,
and deficient sensorimotor function. It is difficult
to account for all of these acute and chronic effects
in terms of a single disrupted mechanism. In the
present study, the hypothesis that spatially selective
dopaminergic denervation of different neostriatal reg-
ions would produce distinct behavioral effects was
tested. Adult male albino rats were bilaterally injec-
ted with 6-hydroxydopamine hydrobromide (4 ug as the
salt in 2 ul of 0.5% ascorbic acid-isotonic saline ve-
hicle) at one of three sites: just anterior to the
globus pallidus (GP), in the body of GP, or in the
tail of GP. Vehicle control groups were also prepared
for each injection site. Upon completion of all be-
havioral testing, all rats were decapitated, their
brains removed, blocked, and quickly frozen. Cylin-
drical punches (1.3 mm dia., mm length) were taken
through nuc, accumbens/olfactory tubercle and at 4
anterior-posterior levels of neostriatum. Dopamine
concentration (ng DA/mg protein) was determined for
each punch by a gas chromatographic/mass spectrometric
assay.

The results showed that DA depletion in anterior

neostriatum (in front of the ant. commissure) correla-
ted with the post-operative reduction in spontaneous
activity. Food intake in animals with anterior deple-
tions appeared depressed because of a deficient abili-
ty to maintain any behavior, and recovered in parallel
with activity. DA depletion in posterior neostriatum
correlated with the reduction in food intake., Animals
with posterior depletions often showed pronounced
aphagia/hypophagia with little change in activity.
The decreased food intake after posterior depletions
seemed related to impaired sensorimotor coordination.
DA levels were not significantly altered in nuc, acce
umbens/olf. tubercle by any injection.

Based on these and other findings, an hypothesis
for the functional organization of the dopaminergic
innervation of rat neostriatum will be proposed.
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DOPAMINERGIC NATURE OF FEEDING INDUCED BEHAVIORAL STEREOTYPIES.
Irving Goodman, James Zacny*, Augustine Osman*, Albert Azzaro &
Carol Donovan*. Departments of Psychology & Neurology, West
Virginia University, Morgantown, WV 26506.

Stereotyped behaviors, including pecking, locomotion, head shak-
ing, mandibulating and swallowing can be induced by daily restrict
ed feedings in weight-reduced, caged pigeons. These feeding-
induced behavioral stereotypies (FIBS) occur with greatest fre-
quency immediately following feeding and may last for hours there-
after. This study attempted to investigate the influence of dopa-
mine agonists and antagonists on FIBS in the light of the estab-
lished dopaminergic nature of another induced stereotyped behavior
apomorphine pecking in avians.

Two groups of weight-reduced pigeons were fed their limited
grain ration at the same time daily. Behavioral stereotypy was
monitored on 3 hourly occasions preceding and following feeding.
Individuals in one of the 2 groups received a single weekly in-
jection of apomorphine (APO) (3 mg/kg, IP) over a 7 wk period.
Statistical comparisons made overthis period between the 2
groups indicated a significantly greater number of animals en-
gaging in FIBS and a greater number of FIBS in the APO group.
Subsequently, the non-APO group received 7 weekly APO injections
and exhibited a significant increase in FIBS, compared to its
first 7 wk record. After several weeks, all animals were given
the dopamine antagonist haloperidol (HAL)(l mg/kg, IP). On the
day of injection all FIBS ceased. A comparison of FIBS one day
prior to HAL and on subsequent days revealed a significant re-
duction on days 1 and 2 following HAL, and a return to normal by
day 5, the next tested day. Likewise, a lower dose of HAL (0.5
mg/kg) caused an absence FIBS on the injection day. A comparison
with the pre-injection day FIBS showed a reduction on post-day 1
and a return to normal on post-day 2.

Three FIBS and 3 non-FIBS birds were sacrificed and levels of
telencephalic catecholamines were fluorometrically determined.

All 3 non-FIBS birds' brains contained normal levels of norepi-
nephrine (NE) but low levels of dopamine (DA), whereas within the
FIBS group 2 animals contained normal levels of NE and DA and a
third animal contained a low amount of DA but also a low amount
of NE.

These findings support the view that brain DA is significantly
involved in the display and control of yet another type of ster-
eotyped behavior, FIBS. This behavioral methodology appears to
have some potential usefulness in assessing pharmacologically
induced synaptic changes over time and their effect upon behavior.

17.10

QUIPAZINE-INDUCED BEHAVIORAL CHANGES IN SELECTED MEMBERS OF A
PRIMATE SOCIAL COLONY. R.F. Schlemmer, Jr., and J.M. Davis.
I11inois State Psychiatric Institute, Chicago, IL 60612

Quipazine (QUIP) is a potent centrally active serotonin (5-HT)
agonist which has been used extensively to study 5-HT-mediated
behavior in rodents. In this study, QUIP was administered to in-
vestigate the role of 5-HT systems in the mediation of social and
solitary behavior in a primate species. In the 1st expt., 4 acute
doses of QUIP (0.1-3.0(base)/kg) were administered to each member
of a stable, adult Stumptail macaque social colony in a Latin-
square design. Only 1 monkey received drug treatment per day & at
least 2 wks. separated each QUIP treatment to the same monkey. In
the 2nd expt., QUIP, 1.6 mg/kg was given once daily for 5 consecu-
tive days to each member of the same colony in a crossover design
Only 2 monkeys received drug treatment at one time. Each experi-
ment was preceded by a period of no less than 5 days where normal
baseline behavior of the colony was observed. Saline was adminis-
tered to all monkeys on baseline days & to those animals not re-
ceiving drug on treatment days. QUIP & saline were administered
i.m. 15 minutes prior to behavioral observation. A daily 1 hr.
behavioral observation was conducted by the same "blind" observer
who quantified & recorded the bahavior of each monkey in the colony
from a checklist of 48 social, solitary, & abnormal behaviors for
this species. In general, QUIP reduced activity, induced several
abnormal behaviors, & disrupted normal affiliative behavior. QUIP
induced 1imb jerks (a myoclonic spasm of an extremity), body shakes
& ptosis as abnormal behaviors. QUIP increased the distancing
scores between the treated monkeys & other members of the colony
& eliminated social grooming. QUIP also significantly reduced self
grooming, food forage, & locomotion; but significantly increased
checking (vigilance? & lying down. Emesis was also noted in some
QUIP-treated monkeys. The threshold dose for most QUIP-induced
behavioral changes was 0.3 mg/kg. Upon repeated administration, a
rapid partial tolerance developed to many of the QUIP-induced be-
havioral changes including T1imb jerks, body shakes, ptosis, check-
ing, & grooming; but tolerance did not develop to the reduction in
general activity scores. Administration of the 5-HT antagonist
cinanserin HC1, 5mg/kg, 2% hrs. pricr to QUIP treatment antagonized
all QUIP-induced abnormal behaviors, but failed to restore some
affiliative behaviors to baseline levels. Although it has been
suggested by some investigators that QUIP may affect dopamine as
well as 5-HT systems, it appears from these results that the major
behavioral changes induced in these monkeys by QUIP are mediated
through 5-HT systems. Therefore, this study provides evidence for
a role for 5-HT in the mediation of important affiliative, soli-
tary & abnormal behaviors in primates. It is also interesting to
note that several QUIP-induced behavioral changes resemble those
induced in this species by hallucinogens such as LSD.
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STRENGTH OF LOCOMOTOR RHYTHMICITY IN ONE- AND TWO-EYED APLYSIA.
W. P. Jordan, M, E. Lickey, and S, O, Hiaasen*. Dept. Psychol.,
University of Oregon, Eugene, OR 97403, '

Aplysia californica are diurnal with locomotor activity onsets
near dawn in LD 12:12., In darkness the locomotor rhythm freeruns
for several weeks. Each of the two eves contains a circadian
oscillator that freeruns in vitro, and these eye clocks are known
to participate in the control of the circadian locomotor rhythm,
The two eye clocks get out of phase (split) when Aplysia are left
in darkness. Splitting does not occur immediately upon release
into DD, but requires about 3 wk to develop (Hudson and Lickey,
1980). This suggests that the possession of two internal clocks
may actually be a liability for long-term freerunning in DD,
since split eyes may produce conflicting temporal signals. The
experiments reported here test this prediction.

Forty-six Aplysia were entrained to LD 12:12 before release
into DD. Prior to release, one eye was removed from 23 animals;
the remaining 23 were two-eyed controls, Locomotor activity was
recorded for at least 33 d in DD, At the end of locomotor
recording the eyes from 15 Aplysia were removed and the phases
of the eye rhythms were assessed in vitro.

Throughout DD the quality of the locomotor rhythm was better
in one-eyed animals than in two-eyed ones. For days 4-13 in DD,
12 of the 23 two-eyed animals were arrhythmic by a standard
adopted previously (Lickey and Wozniak, 1979), whereas, only 5 of
23 one-eyed Aplysia were arrhythmic (p < .04, Fisher exact test).
These differential proportions of rhythmic versus arrhythmic ani-
mals were maintained throughout DD, Analysis of variance of the
standardized peak standard deviations from periodogram analysis
(Strumwasser, et al., 1967) found the one-eyed animals to be sig-
nificantly better freerunners than were two-eyed Aplysia.

The phase of the eye rhythms from the 7 one-eyed animals
tested were found to be aligned with the active portion of the
locomotor rhythm recorded previously, The eyes from the 8 two-
eyed animals tested had interocular phase differences of 6 hr
or more. Thus, the relationship between eye phase and locomotion
in these animals was ambiguous.

These results confirm the prediction that one-eyed Aplysia
freerun more vigorously than do two-eyed animals. On the other
hand, the results do not conform to the expectation that the
superiority of the one-eyed animals should develop only after
about 3 wk of DD when interocular splitting is known to develop.
An explanation of this discrepancy will shed further light on
the organization of the Aplysia circadian system, (Supported
by PHS F32 NS06425 and NSF 77-28251)

OCULAR AND EXTRAOCULAR PHOTORECEPTORS GENERATE A RESPONSE IN
THE APLYSIA CEREBRO-PEDAL CONNECTIVE. M. H. Roberts and
G. D. Block. Dept. of Biology, University of Vvirginia,
Charlottesville, VA. 22901.

lysia express a diurnal circadian rhythm in locomotor
activity (Strumwasser 1967). Circadian pacemakers located
within the retinae (Jacklet 1969) appear to play a role in
timing the behavioral rhythm, although extraocular pacemakers
and photoreceptors also participate (Strumwasser 1974, Lickey
et al. 1977).

Previous work in our laboratory (Roberts and Block Neurosci.
Abst., Vol. 6, 1980) has demonstrated that the cerebro-pedal
connectives are critical pathways for the expression of the
locomotor rhythm. Aplysia with these connectives severed
continue to locomote, but the distribution of activity appears
random even when the animals are exposed to light cycles.

The present study was undertaken with the aim of determining
if light responsive units were present in the cerebro-pedal
connectives. This would hopefully allow us to identify the
extraocular photoreceptors controlling diurnal locomotor
patterning. Our initial experiments employed an in vivo
recording electrode (Block, Neurosci. Abst. Vol. 5. 1979)
attached to the cerebro-pedal connective. Analysis of multi-
unit activity from this connective in unrestrained animals
revealed the presence of a light evoked response which
appeared as an increase in ongoing small unit activity and as
a burst of large units. In an effort to determine the
location of the receptors generating this response, a semi-
intact preparation was employed. Electrical activity in the
cerebro-pedal connective could be recorded while selectively
illuminating parts of the body wall and central ganglia with a
fiber optic probe. Results from these in vitro experiments
revealed that illumination of the tentacles, rhinophores or
eyes leads to a response in the cerebro-pedal connective.
Furthermore, the response to illumination of any of the 3
structures appears identical, suggesting a common pathway.
Experiments are currently underway to determine whether
denervation of all 3 sensory structures blocks the diurnal
locomotor rhythm. Supported by NS15264.
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CONTRIBUTION OF OPTIC NERVE TO PRC OF APLYSIA EYE CLOCK. R, G.
Prichard and M. E. Lickey. Dept. of Psychology, University of
Oregon, Eugene, OR 97403.

We have previously shown that the circadian oscillator in the
Aplysia eye can be reset by LL/DD transitions in vitro. For
eyes that are neurally attached to the brain only 12 h of LL are
required as a precursor to resetting; for eves that are detached
from the brain at least 27 h of LL are required. This report
concerns: (1) the response of the eye rhythm to DD/LL transi-
tions, (2) for LL/DD, whether it is the duration of LL or the
phase of LL/DD that is the cue for resetting, and (3) the PRC
for attached and detached eyes for 6 hour light pulses.

In the first experiment, intact Aplvsia were given nD/LL
transitions after 18+72 h of preceding DD. The eves and bhrain
were then immediately removed for recording the eve rhvthms.
During recording in LL one eye was attached to the cerebral gang-
lion and the other was detached by cutting its optic nerve. The
initial results indicate that the DD/LL does not cause appre-
ciable phase shifts in either an attached or detached eve.

In the second experiment animals were switched from LD 12:12
to LL beginning at the time of dawn. LL/DD occurred 21 h later,
3 h before projected dawn. Just before LL/DD the eves and brain
were removed for recording, one eye attached and one detached.

In various preparations various amounts of the initial portion
of LL was replaced by darkness until a minimum duration of LL
was found that would support resetting by LL/DD 3 h before pro-
jected dawn, As little as 6 h of light was a sufficient precur-
sor for full resetting in attached eve; 3 h of light was
insufficient. Full resetting did not occur in detached eyes
even when the entire 21 h of LL was present. We conclude that

it is the phase of LL/DD, not the duration of LL, that determines
the magnitude of resetting by LL/DD,

In the third experiment animals were switched from LD 12:12
into DD beginning at the last dusk., In various preparations a
6 h light pulse was delivered beginning at each 3 hour interval
of the first 2.5 days in DD, The eyes and brain were removed for
recording just before the end of the light pulse, The PRC of
detached eyes had small amplitude; maximum phase shifts of + 2
to 3 h occurred in response to pulses during the projected night.
Thus, six hour pulses gave a PRC with no higher amplitude than
previously obtained by Jacklet (1974) with 1 h pulses. The PRC
of attached eves had a much higher amplitude; during the projec-
ted night 6 h pulses gave phase shifts of up to + 12 hr. The
difference in amplitude of the PRC's of attached and detached
eyes is probably not due to a difference in photoreceptive abil-
ity, since both eyes received all but a few minutes of the light
pulse while attached to the cerebral ganglion in vivo, NSF 28251
and PHS EY 05383,

MECHANISM OF PHASE SHIFTING THE APLYSIA EYE BY SEROTONIN AND
8-BENZYLTHIO-cAMP: CHANGES IN K' CONDUCTANCE. A. Eskin, Dept. of
Biology, Univ. of Houston, Houston, Texas 77004.

Serotonin (5-HT) treatments phase shift the circadian rhythm
from the isolated eye of Aplysia. The characteristics of the
phase shifts caused by 5-HT along with the transmitter-like pro-
perties of 5-HT indicate that 5-HT plays a role in the transmis-
sion of circadian information in the eye. The effect of 5-HT on
the rhythm seems to be mediated by changes in cAMP since a varie-
ty of treatments which should elevate intracellular levels of
CcAMP precisely mimic the effects of 5-HT, phosphodiesterase inhi-
bitors potentiate the effects of 5-HT, the effects of 5-HT and
8-benzylthio-cAMP are non-additive, and 5-HT causes large changes
in cAMP in the eye. We have investigated the mechanisms whereby
5-HT and cAMP cause phase shifts and found that changes in
conductance appear to be responsible for phase shifting by 5-HT
and cAMP.

Previously, we found that membrane fluxes of Na+, cl-, or ca't
ions are not involved in the 5-HT effect. Since then we found
that OKg treatment, which depolarizes membrane potentials of mol-
luscan neurons by blocking Na-K pumps, phase shifts the rhythm.
The phdse response curve for this treatment is very similar to
that of 5-HT instead of being like phase response curves of depo-
larizing treatments. This result led to the hypothesis that
phase shifting by OK§ was produced by release of 5-HT which in
turn caused the phase shift. The fact that phase shifts produced
by OKg and 5-HT are non-additive is consistent with this hypothe-
sis. Another depolarizing treatment, hiKg, did not produce phase
shifts at the phase where OK§ and 5-HT caused phase shifts,
though this treatment should also have led to release of 5-HT.
This result suggested that the phase shift of 5-HT resulted from
a change in K' conductance since the effects of such a change in
conductance would be reduced by the ‘elevated K} of the hiKg solu-
tion (Kg=30mM). HiK: completely blocked the phase shift normally
caused by 5-HT. The hiK$ treatment by itself did not cause phase
shifts. Since the 5-HT phase shift appears to be mediated by cAMP
I investigated whether elevating Kg would modify the effects of
CAMP. The ability of 8-BT-cAMP to phase shift the rhythm was sig-
nificantly reduced by an accompanying hiK} treatment. Thus both
the effects of 5-HT and 8-BT-cAMP appear to involve changes in KV
conductance. These agents are probably phase shifting by an in-
crease in KV conductance and the resulting hyperpolarization of
the membrane potential since depolarizing treatments cannot mimic
the effects of either 5-HT or 8-BT-cAMP. These results provide
additional evidence that cAMP mediates the effect of 5-HT since
the effects of 5-HT and 8-BT-cAMP were both blocked by the same
treatment.



BIOLOGICAL RHYTHMS

185  E|ECTROPHYSIOLOGY OF BULLA EYES: CIRCADIAN RHYTHM AND INTRA-

18.7

CELLULAR RESPONSES TO ILLUMINATION. G.D. Block and
W.0. Friesen. Department of Biology, University of Vvirginia,

Charlottesville, Virginia 22901.

Circadian pacemakers have been identified in the eyes of
several molluscan species including Aplysia (Jacklet, 1969),
Navanax (Eskin & Harcombe, 1977) and Bursatella (Block and

Roberts, 1981). We here report that the eyes of Bulla like-

wise express a circadian rhythm. In addition, the Bulla eye
appears to be particularly favorable for neurophysiological
studies by intracellular recording technigues.

Extracellular recording from the optic nerve of isolated
eyes in continual darkness revealed a circadian rhythm in the
frequency of spontaneously generated compound action poten-
tials (CAPs). This frequency rhythm, whose maximum amplitude
is 200 CAPs/hr, persisted for at least 3 cycles with a period
ranging from 23-24 hr (Instant Ocean, HEPES 30 mM). Peak
activity occurred within 1 hr of projected dawn.

Intracellular recording from the retina with the lens
removed revealed several types of electrical activity in
response to illumination. Photoreceptors, visible on the
retinal surface, had a measured resting potential of -40 to
-80 mV and responded to illumination with a transient depolar-
ization of up to 110 mV. This depolarization resembles the
response obtained from receptor cells (R-cells) in the Aplysia
retina (Jacklet, 1969). Simultaneous recording from receptor
pairs revealed electrical coupling between some, but not all
receptors. Typically, coupled cells were adjacent, while no
coupling was observed between distant cells.

Other retinal responses, observed during deeper penetra-
tions, included: 1) a unit with small, spontaneously occur-
ring spikes which hyperpolarized upon illumipation, with a
concomitant cessation of spiking activity; 2) a unit which.
depolarized upon illumination and simultaneously produced
small spikes; and 3) a unit which depolarized upon illumi-
nation and produced large spikes. These were followed 1-1 by
large unitary spikes in the optic nerve, independent of simul-
taneously occurring CAPs. Supported by NS15264.

DEMONSTRATION AND MANIPULATION OF BILATERALLY DISTRIBUTED
CIRCADIAN PACEMAKERS CONTROLLING VISUAL SENSITIVITY IN
CRAYFISH. B. Barrera-Mera and Gene D. Block, Depto. de
Neurociencias C.I.F.C. U.N.A.M. Mexico, 20 D.F. and Dept. of
Biology, University of Virginia, Charlottesville, Virginia
22901.

The eye of crayfish exhibits a clear circadian rhythm of
retinal sensitivity as measured by the amplitude of the elec-
troretinogram (ERG). Furthermore, the ERG rhythms of both
eyes remain in phase in constant darkness, suggesting that the
two eyes are controlled by tightly coupled pacemakers or by a
single circadian pacemakerZ:3. In spite of the fact that
split brain preparations continue to exhibit bilateral cir-
cadian rhythms3, the unambiguous existence of two separate
pacemakers has not been reported.

In the current series of experiments the trito and deuto-
cerebrum of the crayfish (Procambarus clarkii) were removed
and the protocerebrum bisected. This operation neurally dis-
connected the two optic lobes from one another. Following
recovery from surgery, brief pulses of light (1-3 S, 0.2
Cd/m?) were delivered to each eye of an otherwise
dark-adapted crayfish. Analysis of resultant ERG records
revealed a clear circadian rhythm in both eyes which persisted
for more than 3 weeks- without significant damping. The cir-
cadian rhythms in the two eyes were typically in phase with
one another but could be desynchronized by: (1) changing the
test stimuli frequency to one eye which resulted in a change
in the circadian period of the same eye, or (2) providing a
long duration (60 minute) light pulse unilaterally. The
change in phase angles between the two ocular rhythms in these
bisected preparations demonstrates the existence of bilat-
erally distributed circadian pacemakers which are coupled in
the intact crayfish.

lArechiga, H. and Wiersma, C.A.G., J. Neurobiol. 1 71
(1969).

2Page, T.L. and Larimer, J.L., J. Comp. Physiol. 97 81
(1975).

3Barrera-Mera, B., Comp. Biochem. Physiol. 61A 427 (1978).
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EYE REMOVAL IN THE BUBBLE SNAIL, BULLA GOULDIANA. Philip A.
Davenport® and Gene D. Block. (SPON: W. 0. Friesen). Dept.
of Biology, University of Virginia, Charlottesville, Virginia
22901.

We find that Bulla, like several other opisthobranchs,
exhibit a circadian rhythm in locomotor activity. Bulla are
nocturnal on light cycles (L:D,12:12) and when placed into
darkness, most Bulla exhibit clear free-running locomotor
rhythms (1 = 24-25 hr) for at least 1 month. Since the eye of
Bulla expresses a circadian rhythm in the frequency of optic
nerve impulses (Block & Friesen, this volume), we were
interested in determining what role the eye plays in
controlling locomotor behavior.

In order to assess ocular control of locomotor rhythmicity,
the eyes of 12 Bulla were removed, either during locomotor
free-runs in D:D or during entrainment to light cycles.
Removal of the eyes during free-runs always resulted in major
deterioration of the locomotor rhythm. Nevertheless, in most
animals, rhythmicity persisted for several cycles following eye
removal, suggesting the presence of an extraocular (highly
damped ?) circadian pacemaker. If the eyes were removed while
animals were exposed to light cycles, "entrainment" persisted
but there was a 1800 phase shift in locomotor activity so
that eyeless Bulla became diurnal.

We are not yet certain whether diurnal locomotor behavior in
eyeless Bulla remains under the control of an endogenous
pacemaker or is reflexively driven by the light cycles.
However, placing eyeless Bulla into darkness results in 1 - 3
cycles of continued'diurnal™behavior. Thus we cautiously
suggest that the switch to diurnal behavior following eye
removal involves a change in the entrained phase angle of an
extraocular pacemaker. Supported by NS15264.

CIRCADIAN RHYTHM OF ERG B-WAVE IN FREE-MOVING ANOLIS. D. H.
Fowlkes, C. J. Karwoski and L. M. Proenza. Vision Research Lab.,
Univ. of Ga., Athens, GA 30602.

The electroretinogram (ERG) was recorded from the free-moving
lizard (Anolis Carolinensis). After a minimum of 3 wk entrain-
ment to the solar light-dark cycle, silver wires (0.2 mm) were
attached to the anesthetized (Alcaine) corneal surface of the
immobilized lateral eye and under the scalp. Immediately
following the implantation, usually performed at 1000 to 1100 h
(E.S.T.), the animal was placed within a translucent hemisphere
(18 cm dia.) situated on a horizontal white surface. The
recording wires passed through a small hole in the top of the
hemisphere allowing the animal free movement. The animal was
then kept in constant darkness except that the hemisphere was
illuminated once every 2 h with a 10 usec flash (Grass Photo-
stimulator PS2) which was about one log unit above threshold.
ERG's were recorded through an AC preamplifier (Grass P15) with
half amplitude filters set at 0.1 and 300 Hz.

During the first 24 h of recording (in constant darkness),
b-wave amplitude during projected night was low (10-40 uV),
began increasing shortly after projected sunrise, and was maxi-
mum (50-100 uV) 6-9 h after projected sunrise. Subsequent 24 h
periods showed a similar pattern but with an increasing phase
delay indicating a free-running rhythm with a period slightly
longer than 24 h. The latency of the b-wave did not appear to
vary with time of day. Since the latency and amplitude of the
a-wave showed no circadian rhythm, the b-wave rhythm may origi-
nate from post-receptoral mechanisms.
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ULTRADIAN RHYTHMS IN HAMSTER AND RAT EATING. L. P. Morin,
Dept. of Psychology, Dartmouth College, Hanover, N.H. 03755.
Male hamsters and rats were housed under a variety of
photoperiod conditions, with and without access to running
wheels. An event recorder monitored the timing of eating
from a modified tunnel feeder in which powder chow was
continuously available. Power spectrum analysis of eating
patterns indicates that timing of food intake is regulated, in
large part, by endogenous ultradian rhythms in both species.
Period length of these rhythms in hamsters varied from about
2.3 to 4.0 hr. 1In rats, the periods ranged from about 3.0 to
6.5 hr. In both species, two or more statistically significant
ultradian rhythms were usually evident simultaneously. A
circadian rhythm of eating was detectable in all rats, but
only in some hamsters. Attempts to manipulate the periodicity
of the hamster ultradian eating rhythms by phase shifting the
light cycle, placing animals under a 2.5:2.5 hr light-dark
cycle or by chronically exposing them to 24.6 or 23.3 hr days
have been unsuccessful. The results raise questions pertinent
to homeostasis and the regulation of food intake and to the
generation of circadian rhythms.

CENTRAL VISUAL PATHWAYS AND THE LIGHT-DARK DISTRIBUTION OF SLEEP
IN 24-HR AND 1-HR LIGHT-DARK CYCLES. Cheryl L. Sisk and Fried-
rich K. Stephan. Dept. Psychology, Florida State Univ., Talla-
hassee, FL 32306.

In rats, about 30% of daily slow wave sleep (SWS) and rapid
eye movement (REM) sleep occurs during dark hours in a 12 hr
light-12 hr dark cycle (LD 12:12). The occurrence of REM sleep
during darkness dramatically increases to 80-90% in rats under
very short LD cycles, e.g., LD 0.5:0.5. The proportion of dark-
occurring SWS is relatively unaffected by short LD cycles. This
experiment investigated the roles of the primary, accessory,
and hypothalamic retinal projections in the determination of this
differential LD distribution of REM sleep within circadian- and
ultradian-length LD cycles. Cortical EEG, neck EMG, and brain
temperature were recorded in rats which received either 1) no
lesion, 2) primary optic tract lesions anterior to lateral geni-
culate, 3) superior accessory optic terminal nuclei lesions, 4)
inferior accessory optic terminal nucleus lesions, or 5) retino-
hypothalamic tract/suprachiasmatic nucleus (RHT/SCN) lesions.
For each rat, electrophysiological recordings were made in both
a circadian (LD 12:12 or LD 10:14) and an ultradian (LD 0.5:0.5)
LD cycle. Records were visually scored for the number of minutes
spent in arousal, SWS, or REM sleep during light and dark for
each recording day.

Primary and superior accessory optic tract lesions did not
change the distribution of sleep and arousal on 24~hr LD cycles.
Inferior accessory optic tract ablation increased the noctur-
nality of REM sleep but not SWS. RHT/SCN lesions abolished the
circadian rhythm of sleep-wakefulness and its entrainment to the
LD cycle. These results confirm and extend other studies which
indicate that the RHT is responsible for the entrainment of
circadian rhythms by light.

The dark-time enhancement of REM sleep observed in the intact
rats on LD 0.5:0.5 was not abolished by any one of the four
visual system lesions, although rats with primary optic tract
lesions showed significantly more REM sleep in the light than
other groups. Inferior accessory optic lesions accentuated the
dark triggering of REM sleep so that virtually no REM sleep
occurred during the short light periods. These results suggest
that triggering of REM sleep by short dark periods is mediated by
some hitherto undescribed retinal projection, or alternatively,
can be mediated by several retinal projectionms.

The characteristic light-dark distributions of REM sleep in
circadian and ultradian LD cycles may therefore be under differ-
ent neural control by the central visual system.
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DIURNAL RHYTHMS OF THE GUINEA PIG: RELATION OF EVOKED
POTENTIALS AND BODY TEMPERATURE. Carl P. Browman,
Anne H. Remmes* and Arthur D. Rosen. Departments of
Psychiatry and Neurology, State University of New York
at Stony Brook, Long Island 11794.

Time-of-day changes in visual evoked potential (VEP)
waveform and body temperature were assessed in the
guinea pig (Cavia porcellus). Six male animals age
99 days served as subjects. They were tested at 2-hr
intervals from 8 am to 8 pm for two consecutive days,
with additional single sessions at 8 am and 8 pm on
separate days. The ECoG, recorded from the occipital
cortex, was sampled at a 2 kHz rate for 250 msec.

The first 10 responses within a session were excluded
from data analysis. VEP waveforms were the average
of 100 responses.

Five VEP components were reliably obtained: N15,
P27, N51, P79, and N103. Latency variability across
sessions for all subjects was rather constant and was
similar to that across subjects. Variability gener-
ally increased from short-latency to long-latency com-
ponents. Amplitude measures, in contrast, were highly
subject specific. The degree of intersession
amplitude variability was directly related to the
particular animal. For the mean data, P27-N51
amplitude correlated with body temperature across time
periods (rho=.848, p < .05), Correlation co-
efficients between body temperature and the other
amplitude measures, as well as all latency measures,
were nonsignificant.

A clear rhythm in body temperature is evident in
our data. This is independent of most VEP waveform
measures which generally did not show a systematic
time-of-day change. Only P27-N51 amplitude correlates
with body temperature. VEP latency variability is
consistent across subjects and sessions, while there
is considerable interindividual variability in ampli-
tude measures. We concur with Kayser and Hildwein
(1974) that diurnal rhythms of the guinea pig are for
the most part difficult to demonstrate.

SCN LESIONS ALTER THE FREE-RUNNING TEMPERATURE AND WAKE
RHYTHMS OF RATS. C.I. Eastman, R. Mistlberger* and A.
Rechtschaffen®. Univ. of Chicago Sleep Lab, Chicago, IL 60637

There are different multiple oscillator theories about the
organization of mammalian circadian systems. In one (Pitten-
drigh and Daan, J. comp. Physiol. 106: 333-355, 1976), the
circadian rhythm of activity is controlled by two oscillators
which are normally coupled to sunrise and sunset respectively.
In another theory (Aschoff and Wever, Fed. Proc. 35: 2326-2332,
1976), temperature is primarily controlled by one oscillator and
activity by another. Moore-Ede et al. (Neurosci. Abstr. 6: 708,
1980) reported that in the squirrel monkey SCN lesions eliminated
the rhythm of activity but not temperature; they suggested that
the activity oscillator was in the SCN but that the temperature
oscillator was elsewhere. The present experiments explored the
role of the SCN in the generation of the circadian rhythms of
temperature and wake in the rat.

Bilateral lesions of a variety of sizes were aimed at the SCN.
Temperature was recorded from a thermistor on the brain surface.
Wake and sleep were polygraphically scored by computer. All the
datawere stored in 30 sec epochs by a PDP-11 computer. So far,
10 SCN lesioned rats have been exposed to constant dim illumina-
tion (about 1.5 lux) and continuously recorded for up to four
months, The circadian rhythms were assessed, in part, by com-
puter produced "wheel-running style" graphs of both temperature
and wake.

All SCN animals had abnormal rhythmic patterns compared to
normal and sham lesioned controls. These abnormalities ranged
from complete arrhythmicity in both temperature and wake to weak
and labile free-running rhythms in both variables. In some
cases, although the temperature rhythm was definitely abnormal,
it seemed more regular and more robust than the wake rhythm.
Some animals became more arrhythmic over months. One animal
developed a bimodal pattern in both temperature and wake resem-
bling "splitting", in which two components free-ran with the
same frequency but about 180° apart. Histological analyses are
in progress to evaluate the relationship between rhythm disrup-
tion and size and locus of lesion. The data will be discussed
in terms of various multiple oscillator theories.

Supported by NIMH grant MH-4151.
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F. C. Davis*
and R. A. Gorski. (SPON: L. Mallach). Lab. of Neuroendocrin-
ology of the Brain Research Institute and Department of Anatomy,
UCLA School of Medicine, Los Angeles, CA 90024.

Evidence for the control of circadian locomotor activity/rest
rhythmicity by two oscillators has been observed in mammals,
birds, and reptiles. A pacemaker system of coupled but function-
ally distinct circadian oscillators has been proposed for rodent
wheel-running activity rhythms (Pittendrigh and Daan, J. Comp.
Physiol. 106: 333, 1976). We tested the possibility that the bi-
lateral suprachiasmatic nuclei (SCN) are functionally distinct
circadian oscillators by measuring circadian rhythm properties
in hamsters with right- or left-side unilateral damage to this
region known to be critical for normal circadian rhythmicity.
Wheel-running activity was recorded from sham-lesioned and le-
sioned male Golden hamsters during entrainment to a light/dark
cycle, during a phase advance of the light/dark cycle and during
constant light (350 lux). Comparisons among sham-lesioned, left-
side lesioned, and right-side lesioned animals were nmade for the
following parameters: 1) time of activity onset relative to
lights off during entrainment; 2) rate of phase-shift following
advance of the light/dark cycle; and 3) circadian period during
constant light. The occurrence of "splitting" (two activity com
ponents with different circadian periods) was also noted. Since
it is difficult to lesion the SCN unilaterally, the volume of in-
tact SCN tissue was measured for the right and left sides of each
animal. A lesion was considered unilateral if the volume of the
SCN on that side was less than 357 of that of sham-lesioned rats,
while the volume of the SCN on the other side was 50-100% of that
of the controls. Moreover, SCN volume on the lesioned side had
to be 507 or less of that on the intact side. These animals were
also required to show entrainment. Right-side (N=6) and left-
side (N=6) lesioned animals were not significantly different in
any of the circadian rhythm properties measured. Furthermore,
the lesioned animals did not fall into two obviously functionally
distinct groups which would suggest functional assymmetry inde-
pendent of right- or left-sidedness. The separate circadian os-
cillators evident in splitting do not appear to represent the two
halves of the SCN; three unilaterally lesioned animals showed
splitting. The circadian period of lesioned animals was shorter
than that of the 4 shams (23.99 vs. 24.49, P < .01). Incorpora-
ting the data from all animals of the study (N=28), we found a
positive correlation between size of the SCN and circadian period
(R=.723). It is concluded that the right and left sides of the
SCN do not represent functionally distinct circadian oscillators.
Supported by NRSA 1 F32 HD05916 to F.C.D. and NIH Grant HD-01182
to R.A.G.

CIRCADIAN VARIATION IN RAT BRAIN REGIONAL NEUROCHEMISTRY. S.G.
Speciale. Dept. of Psychiatry, Univ. of Texas Health Science
Center, Dallas, Texas 75235.

Circadian or 24-hour rhythms have been demonstrated for a
wide variety of physiological parameters, including body temper-
ature, motor activity, hormone secretion and several CNS neuro-
transmitters, including indole- and catecholamines. It was of
interest therefore to measure some additional transmitter markers
in brain regions of rats synchronized to a lighting schedule.

Male Sprague-Dawley rats were adapted to an automatic illum-
ination cycle (0600-1800 hours light; 1800-0600 hours dark) for
three weeks prior to use. Rectal temperature measurements veri-
fied entrainment (maximal during dark, minimal during light
phase). Animals (6-8 per time point) were sacrificed by decap-
itation at 0600, 1000, 1500, 2000 and 2400 hours, the brains
removed rapidly and dissected into hypothalamus (hpth), caudate
nucleus (cn), midbrain (mb), brain stem (bs) and hippocampus
(hip), then frozen on dry ice. Trunk blood was also collected for
plasma hormone assay.

For the initial phase of these studies the activity of glut-
amic acid decarboxylase (GAD) and choline acetyltransferase
(ChAT), synthetic enzymes and neuronal markers for GABA and
acetylcholine, respectively, were measured in these tissues using
the radiometric assays of Fonnum et al. (Biochem. J. 115:465,
1969; Brain Res. 20:259, 1970). GAD activity was highest in the
hpth, intermediate in hip and cn, while mb and bs were one-tenth
the hpth activity. ChAT activity was highest in cn, intermediate
in hip, hpth and bs, while minimal in mb.

Enzyme activities in a number of regions varied significant-
ly with the time of day (the majority at P£ 0.005 level or great-
er). GAD in hip was elevated 63% at its maximum (2000 hours) over
the minimum at 0600 hours. mb GAD was relatively constant through
the day, except for a large increase at 2400 hours. bs GAD was
similar to mb but the elevation at 2400 hours was not as marked.
cn and hpth GAD were bimodal; peaks occur at 1500 and 2400 hours
in cn, while in hpth there are peaks at 1000 and 2400 hours.

mb and bs ChAT were relatively constant across the 24 hours
except for significant increases at 2400 hours. cn ChAT was also
constant except for a reduced activity at 0600 hours, differing
significantly from values at 1500 and 2000 hours. hpth ChAT was
bimodal, with maxima at 1500 and 2400 hours and minima at 0600
and 2000 hours. hip ChAT was without significant variation
through the 24 hours.

These results will be correlated with those for other trans-
mitter systems in these regions and circulating hormone levels.

(Research supported by NIH grant EY033257).
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CONTRAVARYING CIRCADIAN RHYTHMS OF EPSP AND POPULATION SPIKE IN
HIPPOCAMPAL DENTATE GYRUS AND THEIR RELATION TO STATE.

L.J. Cauller*, Z. Boulos and G.V. Goddard. Psychology Dept.,
Dalhousie Univ., Halifax, Nova Scotia, Canada B3H 4J1.

Field potentials evoked at 15 min intervals by single
biphasic electrical pulses to the perforant path were recorded
over several days from the hilus of the dentate gyrus in chroni-
cally implanted freely-moving rats. In agreement with Barnes et
al. (Science, 197:91, 1977) the slope of the field EPSP was
greatest during the dark phase of daily light-dark (LD 12:12 or
14:10). The height of the population spike contravaried with the
EPSP rhythm such that a given EPSP value was associated with a
larger spike during the light than during the dark. This agrees
with the observation by West and Deadwyler (Neurosci., 5:1597,
1980) that the granule cells are more excitable during the light.
The contravarying circadian rhythms followed phase shifts of the
LD cycle and persisted under constant light (LL) with free-
running periods greater than 24 h for up to 14 days.

We recorded on videotape the behavior of rats kept in LL and
collected cortical and hippocampal EEGs to determine the state of
the rats at the time of stimulation. The mean EPSP slope was
greater during SA (still alert) than during SWS (slow wave sleep)
but their was no difference in the size of the population spike
between these states. Since the greater EPSP input produced an
equivalent spike output, we agree with the conclusion by Winson
and Abzug (J. Neurophysiol., 41:716, 1978) that the granule cells
are less excitable during SA than during SWS.

The potentials evoked during either SWS or SA had smaller
EPSPs and larger population spikes at the time of the light phase
of the prior LD cycle than at the time of the dark. Thus the
circadian rhythms remained evident when the data were separated
by state. The AA (awake active) state occurred almost entirely
at times when the light was normally off and was associated with
with large EPSPs and small spikes, whereas REM (paradoxical
sleep) occurred almost entirely at times when the light was
normally on and was associated with small EPSPs and large spikes.
Too few examples were observed at the opposite circadian phase
to demonstrate L-D differences within either of these states.

When EPSPs were evoked by stimulus intensities below spike
threshold following arousal to SA, they had greater peak
amplitude, shorter peak latency, faster rise time and narrower
width at half amplitude in the dark phase than in the light.

DIURNAL AND PHOTOPERIOD-INDUCED VARIATION IN MUSCARINIC RECEPTOR
CONCENTRATION IN SOME REGIONS OF THE RAT BRAIN. H.T, Tsui,S.H.
Llosee-0Olson, F.W. Turek and W.L. Klein. Graduate Program in
Neuroscience, Northwestern University, Evanston IL 60201

Cholinergic stimulation induces a 75 % loss of muscarinic re-
ceptors in cultured CNS cells(Siman,R.G. and Klein,W.L.,PNAS
76,4141-4145) . Since Saito (Life Science 16,281-288) reported a
circadian fluctuation of acetycholine levels in the telen-
cephalon and pons plus medulla oblongata, but not in the mesen-
cephalon plus diencephalon, we have tested for diurnal variation
of muscarinic receptor concentrations in discrete regions of the
rat brain. We also have tested the influence of photoperiod on
hamster brain receptor levels and have investigated whether add-
ing cholinomemetics to brain slices alters muscarinic receptor
levels.

Rats maintained on LD 12:12 were killed at 4 hr intervals
over a 24 hr period. The following areas were used: the supra-
chiasmatic nucleus, preoptic nucleus, the rest of the anterior
hypothalamus, caudate putamen,amygdala, cortex and the brain-
stem. Of all areas examined,diurnal variations in receptor con-
centration were observed only in the caudate and the brainstem.
The receptor level in caudate at midday was 33 % higher than the
lowest of the other time points (p<.0l,n =4). Receptor level in
the brainstem peaked 2 h before lights on (32 % higher than the
lowest, p<.025,n=4 to6) and stayed 23 % higher than the lowest
concentration for the next 8 hrs. Receptor levels in various
brain regions were also determined in hamsters maintained on LD
6:18 and 14:10 and killed at midpoint of the day. Hamsters kept
on long days had significantly higher receptor levels in the
cortex, and in the anterior and posterior hypothalamus than the
short day hamsters (20-36 % difference, n=5, p< 05). No differ-
ences were seen in the caudate and the brainstem.

To determine if cholinergic activation of brain slices induces
a loss of receptor, 300 um sections of brainstem were put on
filter paper barely govered with oxygenated medium. The slices
were incubated at 37 °C in an oxygenated chamber within 15 min. of
the agimal's geath. During a 6 hr incubation, with oxotremerine
at 10 “to 107'M, or without oxotremerine, receptor binding assays
indicated no significant changes in receptor levels.

These results suggest that diurnal variation in muscarinic
receptor concentration may exist in some regions of the brain
where diurnal variation of acetycholine was previously observed
and that muscarinic receptors in other regions may be affected by
photoperiod. Presently we have no direct evidence that this
variation results from changes in cholinergic stimulation.
(supported by NIH grant NS-15299 to WLK and HD-12622 to FWT)
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18.17 PRACTICE OF THE TRANSCENDENTAL MEDITATION (TM) AND TM-SIDHI PRO-

GRAM MAY AFFECT THE CIRCADIAN RHYTHM OF URINARY 5-HYDROXYINDOLE
EXCRETION. K.G. Walton, M. Lerom*, J. Salerno* and R.K. Wallace.
Biochemistry Research Laboratory, Department of Biology,
Maharishi International University, Fairfield, Iowa 52556.

A rise in the urinary excretion of 5-hydroxyindoleacetic acid
(5-HIAA), the main metabolite of serotonin, during or immediately
after an,afternoon practice session of the TM technique has been
reported”, Similar results were obtained with total urinary
5-hydroxyindoles (5-HI) in subjects who practiced the more advan-
ced TM and TM-Sidhi program?2. However, in the latter experiments
little or no rise of 5-HI excretion was associated with a morning
(0800 to 0900) session in averaged data from 11 subjects. New
data to be presented come from experiments in which the total
urine was collected in 8 consecutive 3-hour periods per day for
3 days or longer. All subjects were practicing the TM and TM-
Sidhi program regularly. The 5-HI excretion rate (calculated as
mg/h for each 3 h period) from a subject who was studied for 14
consecutive days exhibited 27 maxima. Twenty-six of these peak
periods either included (18 peaks) or came immediately after (8
peaks) practice sessions of the TM and TM-Sidhi program. The
magnitudes of the two peaks present each day were consistently
unequal. The afternoon maxima were 3 to 10 times larger in 11
of the 14 days, whereas the reverse was true of the other 3 days.
Thus, at least in this subject, whose pattern was unusually reg-
ular, there was a clear rise of 5-HI excretion associated with
the morning as well as the afternoon session.

The significance of a correlation between high 5-HI excretion
and practice sessions of the TM and TM-Sidhi program is not known.
However, there is the possibility that such a program might serve
as a zeitgeber for CNS or peripheral rhythms.in serotonergic ac-
tivity. The amplitudes of circadian rhythms in brain levels of
serotonin and 5-HIAA are quite large in rodents, but there is no
data which would indicate whether these brain rhythms correlate
with urinary excretion of 5-HI. Previous studies in man have sug-
gested a circadian rhythm in 5-HIAA excretion, although detailed
studies within subjects should give a clearer picture. A change
in peripheral serotonergic activity might be involved in the re-
distribution of blood flow seen with the TM technique3. On the
other hand, among the physiological effects reportedly due to
practice of the TM and TM-Sidhi techniques, increased phase coher-
ence of the EEGY and altered hypothalamic-pituitary-adrenal func-
Ezrﬁ might both be due to altered CNS serotonergic activity.

jatti, M. and Riederer,P., J. Neural. Transmission 2,25?,1976.
2yallace, R.K. et al., Soc. Neurosci. Abstr., Vol 6, p.725, 1980.
3Jevning, R. et al., Am. J. Physiol. 235, R89, 1978.

rme-Johnson, D.W. et al., Inter..J.Neurosci. (in press) 1981.
5Jevning, R. et al., Hormones and Behavior 10, 54, 1978.
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TRANSCUTANEOUS NERVE STIMULATION (TNS) EVOKES FREQUENCY AND
WAVEFORM  DEPENDENT  SUBJECTIVE ~ SENSATIONS  IN  HUMANS.
J.J. Katims* and L.K.Y. Ng. Division of Research, National
Institute on Drug Abuse, Rockville, Maryland 20852

TNS treatment for relief of pain is now widely accepted in

medical practice. Less well accepted are its applications
transcranially for insomnia, anxiety, depression and drug
withdrawal. As yet, 1little is known about its possible

mechanisms of action.

Humoral changes associated with transcranial TNS in humans
include alterations in catecholamines, thyroxine, endogenous
opiate-1ike substances and gastric acid secretion. Recent
evidence suggests that frequency of the electrical stimulus may
be an important parameter in its therapeutic effect.

Twenty healthy volunteer subjects participated in a single
blind investigation of the influence of various frequencies and
waveforms of TNS on evoked subjective sensations. TNS was
administered bilaterally anterior to the ear tragi at various
frequencies (5-10,000 Hz) using either a sinusoid, biphasic
square, or 0.2 msec biphasic rectangular pulse waveform.
Current intensities were used which evoked a mild tingling
sensation at the electrode sites approximately 0.25 mA peak to
peak. With the sinusoid waveform stimulation the subjects
reported 3 distinct frequency dependent sensations including
oscillations in visual field perception (without apparent
movement of the retina, 5-19 Hz), a flickering illumination of
the visual field (12-80 Hz), and a unique resonance sensation
within the head (60-573 Hz). These same sensations also were
reported with ipsilateral stimulation. Using a biphasic square
waveform of stimulation the subjects reported all three sensa-
tions as occurring concomitantly (5-573 Hz) without resolution
of frequency dependent channels. The 0.2 msec biphasic rectan-
gular pulse waveform stimulation evoked no oscillatory,
flickering or resonance sensations in 60% of subjects tested
and the remainder reported only a slight cranial resonance
sensation. The sensations described above do not resemble
cochlear electrophonics or phosphene effects associated with
TNS around' the ears and eyes.

The findings from this study support the hypothesis that the
neuronal systems which mediate subjective sensations possess
frequency sensitive channels capable of waveform discrimina-
tion. This specificity may allow for the nonpharmacologic
stimulation of discrete neuronal populations within the brain,
a psychophysiological specificity which may have important
diagnostic and therapeutic applications for the medical
practitioner and neuroscientist.
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ANALGESIC EFFECTS OF MORPHINE MICROINJECTIONS IN THE AMYGDALA
OF THE RAT. C. G. Lineberry. Dept. Physiol., Sch. of Med. and
Dent. Res. Center, Univ. N. Carolina, Chapel Hill, N.C. 27514.

Twenty-one rats were implanted for injection of drug solu-
tions via 33 g cannulas placed in the amygdaloid nuclear complex.
Analgesia was assessed by noting thresholds for reflex tail
movement and vocalization elicited by electrical tail stimula-
tion.

Ten rats were bilaterally injected with 0.5 pl solutions of
saline, or 5, 10 or 20 ug morphine sulfate. Morphine produced
dose-related increases in the vocalization threshold that
averaged approximately 200% of control after 10 ug morphine.

Twenty sites in the amygdaloid nuclear complex were investi-
gated in 11 additional rats using unilateral, 0.5 pl injections
of 5 or 10 ug morphine, or saline. Ten of the twenty sites
produced elevations in vocalization thresholds equal to or
exceeding 150% of saline control values. Reflex tail movement
thresholds were unaffected. The increase in mean vocalization
threshold for active sites was 146+20% of saline control values
after 5 pg, and 242+21% after 10 g morphine. When 10 g mor-
phine was preceeded by s.c. naloxone (1 mg/kg), the mean vocali-
zation threshold was 160+27% of saline control values (n = 9
sites). Viewed individually by morphine injection site, subcuta-
neous naloxone completely reversed the effects of morphine
injections in 5 sites, partially reversed the effects in 3
sites, and was ineffective in one site. The effects of the
10 uyg morphine microinjections were apparent within minutes
after injection, reached peak values at 30 and 60 minutes, and
declined by 50% by 180 minutes. These effects were comparable
in magnitude and duration to those obtain<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>